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V 1 
The influence of obesity on sagittal spinal alignment and 
spinopelvic function - a prospective observational study in 
patients undergoing primary total hip arthroplasty 
*H. Haffer1, Z. Wang1, Z. Hu1, L. Becker1, C. Perka1, S. Hardt1,  
M. Pumberger1 
1Charité- Universitätsmedizin Berlin, Centrum für 
Muskuloskeletale Chirurgie, Berlin, Germany 

Background: Sagittal spinal alignment and spinopelvic function 
recently gained increased attention in the context of total hip 
arthroplasty (THA) instability. Obesity is considered as a risk 
factor of THA instability, but the causal relationship remains 
unknown. This study aimed to investigate the influence of BMI on 
spinopelvic function (lumbar flexibility, pelvic mobility and hip 
motion) and sagittal spinal alignment in primary THA patients in a 
prospective setting. 
Methods: 190 patients receiving primary total hip arthroplasty 
were enrolled in a prospective cohort study. All patients received 
stereoradiography (EOS) in standing and relaxed sitting position 
pre-and postoperatively. C7-sagittal vertical axis (C7-SVA), 
lumbar lordosis (LL), pelvic incidence (PI), pelvic tilt (PT), 
anterior plane pelvic tilt (APPT), and pelvic femoral angle (PFA) 
were assessed. Key parameters of the spinopelvic function were 
defined as lumbar flexibility  LL=LLstanding-LLsitting), pelvic 
mobility  PT=PTstanding-PTsitting) and hip motion  
PFA=PFAstanding-PFAsitting). Pelvic mobility was further 
defined based on  PT as stiff, normal and hypermobile  
PT<10°; 10°-30°; >30°). The patients were stratified to BMI 
according to WHO definition: normal BMI -24.9 kg/m2 

 overweight -29.9 kg/m2  and obese -39.9 
kg/m2 (n=41). Post-hoc analysis according to Hochberg's GT2 was 
applied to determine differences between BMI groups. 
Results: The preoperative proportion of stiff pelvic mobility was 
decreased in the obese group (12.2%) compared to normal  
and overweight (27.2%) groups. There were no significant 
differences for spinopelvic function key parameter lumbar 
flexibility  LL), pelvic mobility  PT) and hip motion  PFA) 
in relation to BMI stratified groups. The obese group demonstrated 
significant enhanced pelvic retroversion compared to the normal 
BMI group (APPT -  vs. 2.4°;  Spinal sagittal 
alignment in C7-SVA and PI-LL mismatch demonstrated 
significantly greater imbalance in the obese group compared to the 
normal BMI group  vs. 42.6mm, p=0.002 and 7.7° vs. 
1.2°, p=0.032, respectively) The proportion of patients with 
imbalanced C7-SVA was higher in the obese  than in the 
normal BMI group (44.1%) 
Conclusions: The present study is the first investigation of the 
influence of obesity on spinopelvic function before and after THA. 
The significantly increased spinal sagittal imbalance with altered 
pelvic mechanics is a potential cause for the reported increased risk 
of THA dislocations in obese patients. Consequently, the increased 
spinal sagittal imbalance in combination with normal pelvic 
mobility need to be taken into account when performing THA in 
obese patients.  
 
V 2 
Variation of global sagittal alignment parameters according to 
gender, pelvic incidence and age 
*Y. P. Charles1, E. Bauduin2, B. Ilharreborde3, S. Pesenti4,  
F. Laouissat , G. Riouallon6, I. Obeid7, E. Ferrero ,  
E. A. Sauleau9, B. Blondel4 
1Hôpitaux Universitaires de Strasbourg, Service de Chirurgie du 
Rachis, Straßburg, France 
2CHU Reims, Reims, France 
3Höpital Robert Debré, Paris, France 
4CHU Timone, Marseille, France 
Cliniques de l'Est Lyonnais, Lyon, France 

6Hôpital Saint Joseph, Paris, France 
7Clinique Jean Villar, Bruges, France 
HEGP, Paris, France 

9Hôpitaux Universitaires de Strasbourg, Département de Santé 
Publiqueépartement de Santé Publique, Straßburg, France 

Introduction: Global sagittal alignment parameters may vary 
according to age and spinopelvic morphology. The purpose of this 
prospective observational study was to describe global alignment 
parameters from childhood to elderly  to  without spinal 
pathology with respect to gender and pelvic incidence (PI).  
Methods: EOS radiographs of  individuals  females, 
1111 males) were analyzed. Translation parameters were: SVA-C7, 
SVA-C2, SVA-CAM, C7/SFD ratio. Inclination parameters were: 
C7-, T1-, T9-VT, OD-HA, OD-CAM. Pelvic compensation 
parameters were: TPA, GT, SSA. GSA was considered among 
formulae. The distribution of parameters was analyzed using a 
Bayesian inference (significance  Correlations with TK, 
LL and spinopelvic parameters were investigated.  
Results: Among translation parameters, SVA-C7, SVA-C2, SVA-
CAM were higher in males, large PI, and increased significantly 

 after  years. The C7/SFD ratio kept constant. There 
was no correlation with TK, LL and spinopelvic parameters. 
Among inclination parameters, T1- and T9-VT increased during 
growth and kept stable during adulthood. C7- and T1-VT 
decreased after  years. Individuals with mall PI had larger values 

 OD-HA and OD-CAM were constant and increased 
after  years. Among pelvic compensation parameters, TPA and 
GT increased with age  were larger in large PI types, 
correlated with PI (TPA r=0.61; GT r=0.60) and PT (TPA  
GT r=0.90). SSA decreased with age, was larger in large PI types, 
correlated with LL  and SS (r=0.90). GSA decreased after 

 years (Pr>0.9  was lower in intermediate PI, correlated with 
PT (r=0.79).  
Conclusion: This observational study demonstrates that values for 
global alignment parameters vary with age, gender and spinopelvic 
alignment type. An anterior plumbline displacement of C7, C2 and 
CAM is observed with age and more prominent in males. Trunk 
inclination parameters show smaller variations before  years, but 
small PI spinopelvic types are more sensitive to changes. 
Parameters including pelvic compensation increase with age as PT 
increases. The spinopelvic morphology needs to be considered in 
these parameters as PT is larger in high PI spinopelvic types.  
 
V 3 
Lumbar lordotic angle as predictor of the temporal 
development of adjacent-segment disease 
*F. Bausenhart1, D. Müller1, C. Walter1 
1Universität, Orthopädie, Tübingen, Germany 

Introduction: Adjacent-segment disease (ASD) is a common 
complication after posterior lumbar fusion. A variety of risk factors 
are already identified for the development of ASD (1). The present 
study aims to examine the temporal development of ASD in a 
cohort that underwent lengthening of spinal fusion, to determine 
predictive demographic, radiographic and surgical factors with a 
focus on the role of sagittal imbalance and postoperative changes 
of the sagittal profile (2). 
Material/Methods: 72 patients were included in a retrospective 
study assessing potential risk factors for ASD. Included patients 
underwent at least two surgeries: An initial lumbar fusion with a 
least one transforaminal lumbar interbody fusion (TLIF) and a 
revision surgery resulting in an increase of fusion levels. Various 
demographic and radiographic factors such as the difference 
between pelvic incidence and lumbar lordotic angle (PI-LL) were 
assessed at time points before and after initial surgery and 
correlated with the time span between initial and revision surgery. 
Results: Among the demographic factors, age correlated negatively 
with the time span between initial and the revision surgery (r = - 
0.26, p = .03). Among the radiographic factors, the preoperative 
lumbar lordotic angle (r = 0.31, p = .011) and the postoperative 
increase of the lumbar lordotic angle (r = 0.43, p <.001) correlated 
positively with time span. Patients with a PI-LL within the norm of 

-10° after surgery exhibited a longer time span until revision was 
needed (M =  months) than patients with non-physiological PI-
LL (M =  months), t(70) = 2.07, p = .04). 
Discussion: To our knowledge, the present study is the first 
investigation assessing a collective consisting solely of patients 
undergoing revision surgery due to ASD, in order to identify 
predictive factors for the temporal development of ASD. Within 
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this patient collective, sagittal balance was vital. A larger lumbar 
lordotic angle prior to initial surgery was accompanied by an 
increased time span before a revision was required after the initial 
surgery. Thus, patients with an early occurrence of ASD had a 
reduced lumbar lordosis even before surgery. In addition, an 
increase of lumbar lordosis achieved through the initial surgery 
correlates with an increased time span until revision. In sum, 
posterior lumbar fusion surgery should attempt to improve lumbar 
lordosis to gain a physiological sagittal profile and to increase the 
time span until revision surgery.  
[1] Ghasemi, A. A. (2016). Adjacent segment degeneration after 
posterior lumbar fusion: An analysis of possible risk factors. 
Clinical Neurology and Neurosurgery, 143, –  
[2] Merrill RK, Kim JS, Leven DM, Kim JH, Cho SK (2017). 
Beyond pelvic incidence–lumbar lordosis mismatch: The 
importance of assessing the entire spine to achieve global sagittal 
alignment. Global Spine Journal, 7, -   
 
V 4 
Forecasting Surgical Realignment and Clinical Outcomes after 
Anterior Cervical Multilevel Decompression and Fusion - 
Lessions Learned from the Analysis of Geometric Changes and 
BEST- and WORST-Outcomes after 3- to 5-level fusions 
*H. Koller1, I. C. Hostettler2, F. C. Stengel2, J. Koller3, L. Ferraris4, 
M. Mayer , A. Hempfing4 
1Medical University Innsbruck, Department of Neurosurgery, 
Innsbruck, Austria 
2Klinikum Rechts der Isar, Neurochirurgie, München, Germany 
3Schoen Klinik, Vogtareuth, Germany 
4Spine Center, Bad Wildungen, Germany 
Spine Center, Stiegelmayer Platz, München, Germany 

Introduction: Anterior-only multilevel cervical decompression 
and fusion surgery (AMCS) on 3-, 4- and -levels is challenging 
due to associated complications, non-union, and symptomatic 
adjacent segment disease (ASD). Predictors of postop alignment 
and clinical outcome are incompletely understood. We hypothesize 
that in mild to moderate cervical kyphosis (CK), restoration of 
cervical lordosis (CL) and avoidance of a postop cervical 
imbalance (SVA>4cm) positively influence outcomes.  
Methods: Retrospective analysis of a consecutive series of adults 
presenting with symptomatic degenerative disease or non-union 
after ACDF. Analysis included baseline characteristics, 
demographics and complications. On x-rays we measured CL, 
Cobb angle of fused levels (fusion angle,FA), C7-Slope (C7S) and 
SVA  ASD was recorded. Clinical outcome was 
analyzed using Odom"s criteria. Pts. with excellent outcome were 
grouped in BEST-outcomes and those with moderate/poor in 
WORST-outcomes. We aimed to predict postop SVA>4cm and 
WORST-outcomes using a stepwise multivariate logistic 
regression analysis.  
Results: 244 pts. met inclusion criteria,  had 3-level, 39% had 
4-level, 17% had -level fusion. 31% had a 1-level corpectomy and 

 had non-union repair at index surgery. At follow-up of av.26 
mos, 41% achieved BEST-outcome and 23% WORST-outcome. 
16% experienced a complication, non-union occured in 13%, and 
7% required revision. ASD occurred in 21% with 3-level, 22% 
with 4-level and in 12% with -level fusion  Complications 
and revision rates did not depend one fusion length. 
126 had complete sets of x-rays, a preop CK existed in 9%, FA was 
corrected from preop. av. 7° to postop.  lordosis (p<.01), CL 
changed from av.13° to av.22°. At follow-up, 14 pts had 
SVA>4cm, the number of pts. experiencing non-union was sig. 
increased in those with a preop SVA>4cm (Odds:13.1) and a 
postop SVA>4cm was a risk factor for ASD. 
A highly accurate prediction model could be established with 
WORST-outcome as dependent variable and 'Preop to postop FA-
correction' and 'SVA-change' as independent variables (NPV=73%, 
PPV=77%, specificity=79%, sensitivity=71%). 
Also, a high performing neural network model for prediction of 
postop SVA>4cm could be established including preop SVA, CL 
and FA-correction (PPV=100%, NPV=94%, specificity=100%, 
sensitivity=33%). In addition, variables such as non-union, chronic 

lumbar pain or thoracolumbar multilevel fusion influenced the 
postop rate of SVA>4cm.  
Conlusion: ACMS can reliably confer good results with high 
fusions rates when using standardized techniques. Our study 
stressed that restoration of CL and cervical balance (SVA) improve 
clinical outcomes and can reduce the rates of non-union and ASD. 
In reverse, variables predicting postop imbalance (SVA>4cm) 
included FA-correction and preop SVA. Our data can support the 
decision-making process when trying to anticipate postop 
alignment and optimize outcomes.  
 
V 5 
The Subjective Spine Value - an innovative measurement tool 
for assessing the function of the spine 
*V. J. Leopold1, N. Warminski1, J. Löchel1, R. Zahn1 
1Charité - Universitätsmedizin Berlin, Centrum für 
Muskuloskeletale Chirurgie, Berlin, Germany 

Background: The subjective spine value (SSpV) is introduced in 
the presented study as a single item Patient reported outcome 
measurement (PROM). It is defined as the percentage of a fully 
functional spine, with 100 indicating full function without 
symptoms and 0 indicating loss of function. It was hypothesized 
that SSpV would correlate with the established scores Oswestry 
disability index (ODI) and Core Outcome Measures Index (COMI). 
Methods: We conducted a prospective study of consecutive 
patients presenting to our outpatient clinic for spinal pathologies 
between -  Patients completed a questionnaire with 
the ODI, COMI as well as the SSpV. The SSpV only consists of 
one question: "What percentage is the function of your spine if the 
normal function of a healthy spine is 100%? (or: How many euros 
is your spine worth if a normal spine is worth 100 euros?)". 
Patients were divided into two groups depending on whether acute 
or chronic spinal pathology was present. Furthermore, the patients 
were divided into  groups corresponding to the DWG-Register 
(degenerative, tumor, infection, trauma, deformities) based on the 
diagnosis and additionally on whether radicular symptoms were 
present or not. The Spearman correlation coefficient was used to 
evaluate correlation between the SSpV and the ODI and COMI 
separately. 
Results:  complete datasets were available for evaluation. 
Overall, SSpV correlated with both ODI (Range: r=- -  
p<0.001) and COMI (Range: r=-0,271-  -<0.001) for 
the different pathologies. 
Conclusion: The SSpV is a useful additional tool in the assessment 
of spinal function that can be quickly and easily assessed. Further 
studies with larger case numbers are needed to confirm its utility in 
acute spinal pathologies.  
 
V 6 
Anterolateral versus posterior minimally invasive interbody 
fusion for patients with spondylolisthesis: 12 months follow-up 
*W. Senker1, Y. P. Charles2, P. Pereira3, J. M. Agueros4, Y. Park , 
V. Arzoglou6, S. W. Park7, G. Bordon , S. Fuentes9, Y. Song10,  
E. Vialle11, S. Bhagat12, N. Manson13, A. Krutko14, J. Franke  
1Kepler Universitätsklinkum Linz, Neuromed Campus, 
Universitätsklinik für Neurochirurgie, Linz, Austria 
2Université de Strasbourg, Service de Chirurgie du Rachis, 
Hôpitaux Universitaires de Strasbourg, Straßburg, Germany 
3Centro Hospitalar Universitário São João, Porto, Porto, Portugal 
4Hospital Universitario Marques de Valdecilla, Santander, Spain 
National Health Insurance Service Ilsan Hospital, Goyang, South 

Korea 
6Hull University Teaching Hospitals NHS Trust, Hull, United 
Kingdom 
7Chung-Ang University Hospital, Seoul, South Korea 
Hospital de Manises, Valencia, Spain 

9Hôpital de la Timone, Marseille, France 
10West China Hospital Sichuan University, Chengdu, China 
11Hospital Universitario Cajuru, Curitiba, Brazil 
12Ipswich Hospital NHS, Ipswich, United Kingdom 
13Canada East Spine Centre and Horizon Health Network, Saint 
John, Canada 
14Scientific Research Institute of Traumatology and Orthopedics, 
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Novosibirsk, Russian Federation 
Klinikum Magdeburg, Magdeburg, Germany 

Objective: The rationale for choosing an anterolateral or posterior 
(minimally invasive (MI) lumbar interbody fusion (LIF) approach, 
varies from surgeon to surgeon. It is not well documented whether 
the choice of MI LIF approach in degenerative spondylolisthesis 
(DS) patients has an impact on the mid-term patient reported 
outcomes (PROM) and fusion rate. This study aims to shed light on 
this issue by reporting fusion rates and PROMs for both 
approaches at 1-year post-surgery. 
Material/Methods: Patients with DS (n=231) indicated for one- or 
two-level MI LIF were consecutively enrolled in a multi-center 
prospective clinical study  across Europe, Latin 
America, and Asia. Each surgeon determined if their patient(s) 
would receive either an anterolateral (ALIF, DLIF, OLIF) or 
posterior (MIDLF, PLIF, TLIF) approach. 
Fusion status at 1-year (± 6-months) was assessed by the surgeon 
or radiologist using CT or radiography. The criterion for fusion 
when assessed by CT-scan was bony bridging. When assessed 
using radiography the criteria were bony bridging, no motion  
in flexion/extension views and integrity of instrumentation. 
PROMS assessed at baseline, 4-weeks, 3-months, and 1-year post-
surgery included: disability (ODI), back and leg pain (VAS) and 
quality of life (EQ-  Paired sample t-tests and ANCOVA were 
used to test for improvements from baseline and group differences. 
Results: At 1-year post-surgery, the fusion rate was  and on 
average patients demonstrated statistically significant and clinically 
important improvements from baseline on ODI, VAS, and EQ-  
scores. For reductions in back and leg pain, and fusion rate there 
was no differences between groups. Patients who received 
posterior compared to anterolateral MI LIF demonstrated greater 
reductions in disability  and improvement in quality of life 
(p <.001). The improvement on all PROMS remained stable from 
3-months to 1-year follow-up. 
Up to  months post-surgery, 6 MI-LIF procedure-related (3 
anterolateral; 3 posterior) and 6 device related serious adverse 
events (4 anterolateral; 2 posterior) were recorded. 
Conclusion: DS patients treated with either an anterolateral or 
posterior approach for MI LIF demonstrated substantial 
improvement in quality of life, alleviation of disability, back and 
leg pain, good rates of fusion and a good safety profile 1-year post-
surgery. The statistically significant differences between groups in 
ODI and EQ-  scores might be explained by patients in the 
posterior group deriving greater benefit from direct lumbar stenosis 
decompression compared to that achieved from anterior indirect 
decompression. It remains to be seen if this trend continues to 
develop at future, annual, follow-up timepoints.  
 
V 7 
2-Years Results of Lumbar Facet Arthroplasty for 
Spondylolisthes 
*U. Laupichler1 
1Praxis Orth.med, Amberg, Germany 

Introduction: Surgical treatment for spondylolisthesis with 
stenosis ranges from decompression-only to fusion. Lumbar 
arthroplasty is a motion sparing alternative. The posterior facet 
replacement system is a pedicle screw-based motion-preserving 
device to replace the posterior elements following decompression. 
A multi-center, prospective, FDA trial (TOPS  is 
evaluating the short-term outcomes of the facet replacement 
system. 
Material/Method:  subjects with single-level Meyerding 
Grade I lumbar spondylolisthesis and stenosis were enrolled and 
assigned to facet arthroplasty. A clinical and radiographic follow-
up was performed. The mean age and BMI were 63.2 years and 
29.7 kg/m2, respectively. 90 subjects were female  and 63 
male (41%). Outcomes at 2 years include pre- and postoperatively 
documented ODI, VAS, and ZCQ parameters. 
Results: Patient-reported outcomes (Table 1) showed early and 
sustained improvements. ODI at Week 6 was  a 33.6-point 
improvement from baseline. At 2 years the ODI improved further 

to 10.9, a - improvement from baseline. VAS back and leg 
pain scores at Week 6 were 17.2 and 13.4, representing 
improvements from baseline of  and  respectively. At 2 
years, VAS Back (10.9) and VAS Leg (14.2) pain represented 
improvements from baseline of  points, 69.0 points, 
respectively. ZCQ improvements were observed from baseline to 6 
weeks for Symptom Severity  and Physical Function (1.3) 
with mean scores of 2.0 and 1.7, respectively. At 2 years the mean 
score for Symptom Severity  and Physical Function  
showed continued improvement. ZCQ patient satisfaction scores 
were 1.4 at 6 weeks and 1.3 at 2 years. The revision rate was at 

 with no complications. 
Discussion: The short-term 2-year results are encouraging. The 
reoperation rate is in line with the literature. Lumbar facet 
replacement appears to be a viable option for the treatment of 
monosegmental spondylolisthesis with stenosis. No comparison 
group was used for this interim analysis. Forsth et al.1 reported on 
lumbar spondylolisthesis and stenosis patients who underwent 
decompression - without fusion  and with fusion (N=67) - 
as part of a multi-center, prospective, randomized clinical trial. 
Table 2 shows the comparison of the facet replacement results with 
the Forsth study results. Long-term follow-up and a prospective 
randomized study comparing lumbar facet arthroplasty with fusion 
is needed to validate the short-term results and is already on-going. 
1 Forsth et al., A Randomized, Controlled Trial of Fusion Surgery 
for Lumbar Spinal Stenosis. NEJM. Vol. 374 No.  
Fig. 1 

 
Fig. 2 

 

V 8 
Impact of sarcopenia and bone density on implant failure and 
adjacent level degeneration in lumbar instrumentation 
*H. Krenzlin1, E. Kurz1, C. Schulze1, F. Ringel1, N. Keric1 
1Universitätsmedizin Mainz, Klinik für Neurochirurgie, Mainz, 
Germany 

Objective: Sarcopenia, the loss of spinal muscle mass with age, is 
associated with functional decline and increased morbidity in 
degenerative spinal disorders. As the population ages, the number 
of lumbar spinal instrumentation surgeries performed in patients 
with sarcopenia increases. The purpose of this study was to 
determine the impact of sarcopenia on implant failure (IF) and 
adjacent level degeneration (ALD) in patients with spinal 
instrumentation surgeries. 
Methods: Data acquisition was conducted as a single-center 
retrospective analysis. Eighty consecutive patients receiving spinal 
fusion surgery from January 1st, 2012 to December 31st 2014, for 
spondylolysis or spondylolisthesis were included in our study. 
Cross-sectional areas of the psoas and paravertebral muscles at the 
mid-point of pedicles L3 and L4 were measured using axial CT 
images. In addition, measurement of Hounsfield unit (HU) values 
of trabecular bone in the middle axial CT image of vertebral bodies 
L2 and L3 were performed to assess the bone density. 
Results: Eighty patients underwent instrumentation in  lumbar 
segments. The mean patient age was  years, and  

 patients were females. Mean follow-up was 24.30±19.93 
months. Twelve patients necessitated revision surgery for either 
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implant failure  7 cases, mean age  years) or 
adjacent level degeneration (41.6%,  cases, mean age  
years). The average psoas muscle thickness was  cm2 
on L3 and 1142±340.3 cm2 on L4. The average erector spinae 
thickness was  cm2 on L3 and 2204±401.1 cm2 on L4. 
No significant difference was evident in the average psoas muscle 
thickness in patients with IF or ALD  cm2) compared 
to those without  cm2). However, the erector spinae 
muscle thickness was diminished in patients with (L3:  
cm2; L4: 2264±421.3 cm2) compared to those without IF/ALD 
(L3:  cm2; L4:  cm2). The detected 
differences were statistically significant in both levels (p <  
In our cohort, muscle thickness was independent of chronological 
age (r2=0.03) and sex. Mean bone density in patients without 
IF/ALD was  HU and  HU  
Discussion: In this study, patients with sarcopenic paraspinal 
muscles and reduced bone density had a significantly higher rate of 
IF and ASD. Therefore, measurement of muscle thickness and 
bone density using axial CT scans should be considered for a more 
individualized surgical procedure planning.  
 
V 9 
Natural course of untreated spinal cord cavernous 
malformations: a five-year follow-up study 
*A. Santos1,2, L. Rauschenbach1,2, M. Darkwah Oppong1,2,  
O. Gembruch1,2, D. Saban1,2, B. Chen1,2, A. Herten1,2, N. Özkan1,2, 
R. Jabbarli1,2, K. Wrede1,2, U. Sure2, P. Dammann2 
1Department of Neurosurgery and Spine Surgery; University 
Hospital Essen; Germany, Essen, Essen, Germany 
2Department of Neurosurgery and Spine Surgery; University 
Hospital Essen; Germany, Essen, Germany 

Background and Purpose: Cavernous malformations of the spinal 
cord (SCM) are believed to have a high rate of bleeding. The risk of 
intramedullary hemorrhage (IMH) or recurrent IMH and the 
neurological impact of bleeding events is important for clinical 
decision-making and could impact current treatment strategies.  
Methods: Our institutional database was screened for patients with 
SCM treated between 2003 and 2020. Patients with complete magnetic 
resonance imaging (MRI) dataset and clinical baseline characteristics 
were included. Surgically treated individuals were censored after SCM 
removal. Neurological functional status was obtained using the 
modified McCormick (MMcC) scale at diagnosis, first IMH and 
second IMH. Kaplan–Meier and Cox regression analyses were 
performed to determine the cumulative -year risk for (re)hemorrhage. 
Results: 71 patients with SCM were analyzed. Cox regression analysis 
identified previous IMH (HR,   CI, 1.01-61.47], P=0.049) as 
an independent predictor for rehemorrhage during the -year follow-
up. The cumulative -year risk of (re)bleeding was 41.3% for SCM. 

 of patients got an aggravated MMcC score after recurrent 
hemorrhage (P=0.012). 
Conclusions: During untreated -year follow-up, we found an 
increased susceptibility for (re)hemorrhage compared to (non-
brainstem) cerebral cavernous malformations (CCM). Moreover, 
recurrent bleeding was associated with neurological deterioration. 
Previous IMH, sensorimotor deficits and higher MMcC scale values 
were predictors for recurrent bleeding events. 
 
Fig. 1 

 

 

V 10 
Aspiration cytology from malignant spinal lesions shortens 
time to diagnosis of previously unknown tumor disease 
*L. G. Koepke1, A. Heuer1, M. Stangenberg1, M. Dreimann1,  
L. Welker2, C. Bokemeyer3, A. M. Asemissen3, L. Viezens1 
1Universitätsklinikum Hamburg Eppendorf, Klinik und Poliklinik 
für Unfallchirurgie und Orthopädie, Hamburg, Germany 
2Universitätsklinikum Hamburg Eppendorf, Institut für Pathologie 
mit den Sektionen Molekularpathologie und Zytopathologie, 
Hamburg, Germany 
3Universitätsklinikum Hamburg Eppendorf, II. Medizinische 
Klinik und Poliklinik für Onkologie, Hämatologie, 
Knochenmarktransplantation mit Abteilung für Pneumologie, 
Hamburg, Germany 

Introduction: Patients (pt) with disseminated tumor disease often 
suffer from spinal lesions. Not infrequently, complaints triggered 
by these lesions are the initial symptom of a previously unknown 
tumor disease. In addition to spinal surgical care, confirming the 
diagnosis is crucial for further diagnostic and therapeutic 
procedures. Histopathological confirmation of the diagnosis is 
considered the gold standard and can take up to 14 days (d). 
Supplementary intralesional aspiration cytology (IAZ) can 
significantly shorten the time to diagnosis.  
Material/Method: During the initial surgical treatment of newly 
diagnosed malignant spinal lesions, IAZ is performed in parallel 
with histopathological specimen collection. Intraoperative 
aspiration of bone marrow from the vertebral body is performed 
via a transpedicular approach using a Jamshidi needle. The 
cytologic specimens are stained according to May-Gruenwald-
Giemsa and evaluated by light microscopy. Routine 
histopathologic diagnosis is performed in parallel.  
Results: To date, 19 pt (12 male and 7 female) with suspected 
initial manifestation of spinal malignant lesions have been studied. 
The median age was 60 years (y) (range 47-  y). Multiple 
myeloma was diagnosed in 6 pt and solid neoplasia in 12 pt  
breast carcinoma (Ca), 2 prostate Ca, 2 bronchial Ca, 1 
hepatocellular Ca, 1 malignant melanoma, 1 renal cell Ca). One pt 
showed no evidence of malignancy. The median time to 
confirmation of the cytologic diagnosis was 1 d (range 0-  d) and  
d (range -  (p < 0.01) to confirmation of the histopathologic 
diagnosis. In 2 pt, with cytologic evidence of adenocarcinoma and 
highly elevated prostate-specific antigen in serum, specific 
systemic treatment with bicalutamide could be initiated before 
confirmation of the final histologic diagnosis. In both cases, 
histopathologic examination confirmed the diagnosis of prostate 
carcinoma. Congruence between histology and IAZ was 100% with 
respect to detection of malignant cells and differentiation between 
hematologic or solid neoplasia.  
Discussion: IAZ from malignant spinal lesions can be safely 
performed during spinal surgery and significantly shortens the time 
to confirm or narrow down the diagnosis of previously unknown 
tumor disease (p < 0.01). The high concordance between cytologic 
and histopathologic classification allows prompt planning of 
further diagnosis and therapy, therefore serves to ensure the safety 
of pt and has the potential to optimize the prognosis of the 
underlying disease by early initiation of systemic therapy. IAZ 
from spinal lesions suspected of malignancy should be performed 
in addition to histopathology and should become part of clinical 
routine.  
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Introduction: Decompressive surgery followed by radiotherapy 
(RT) has been an inherent part of the multimodal treatment 
approach in patients with symptomatic spinal metastases ever since 
the landmark study of Patchell RA et al. (Lancet,  showed its 
superiority to RT alone. The therapy regime for patients without 
neurological deficits but impending paralysis due to epidural spinal 
cord compression (ESCC) is often set accordingly, yet data to 
justify additional decompressive surgery over RT alone is scarce in 
this cohort. This study aims to analyze the impact of additional 
decompressive surgery on clinical outcome of patients with low to 
intermediate ESCC on imaging. 
Methods: We performed a single center, multidepartment 
retrospective analysis of patients treated for spinal epidural 
metastases from 2011-2021. Clinical characteristics and imaging 
data were evaluated. Neurological status was assessed by Frankel 
grade, ESCC was categorized according to the ESCC-scale. Low 
grade spinal cord compression was defined as 1b and 1c, 
intermediate as 2 on the ESCC-scale. Spinal instrumentation 
surgery was only considered as decompressive surgery if additional 
targeted decompression was performed. Significance was 
calculated with chi-square, Fisher's exact or Mann-Whitney-U test. 

 was defined as significant. 
Results: ESCC-score could be determined in  patients. Of 
these, 190 (36,6%) presented without neurological deficit (Frankel 
E) and low or intermediate ESCC-score (1b-2). Median follow up 
was 3 months (min = 0, max = 79, SD  months). 36  
presented with an ESSC of 1b, 43 (22.6%) with 1c and 111 

 with an ESSC-Score of 2. Surgical decompression and RT 
were performed in 147 (77.4%) of patients while 43 (22.6%) 
received either instrumentation and RT or RT alone. A reliable 
follow up was available for 171 of 190 patients. At last available 
follow up there was no significant difference in neurological 
outcome between the two groups (p=0.  Neurological status 
worsened in 7 patients  treated with surgical decompression 
and in 1 patient (3%) treated without decompression. 
Discussion: Despite their common occurrence, to date there is no 
consensus on the best treatment for neurologically intact patients 
with impending paralysis due to ESCC. In our retrospective cohort 
of these patients, we could not find a general benefit of additional 
decompressive surgery over RT alone regarding neurological 
outcome on short term follow up. Further subgroup analyses of 
clinical cofactors to be taken into account (e.g. radiosensitivity of 
the primary) to identify the asymptomatic patients that may benefit 
from decompressive surgery in particular are ongoing. Until then, 
our data suggest that indication for decompressive surgery in 
asymptomatic patients with low or intermediate ESCC needs to be 
set cautiously, warranting further prospective, randomized trials for 
that significant cohort of patients.  
 
V 12 
Posterior vertebral column resection (pVCR) leads to clinically 
good results and a reliable osseous fusion in cases of epidural 
tumor growth with concomitant instability 
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Hamburg, Germany 
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Background: Spinal metastases can lead to compression of the 
spinal cord through epidural tumor growth (ETG) and osseous 
destruction. In these cases, surgical therapy has been shown to be 
superior to radiation therapy. Till now, no gold standard exists 
regarding the choice of the operative procedure. Due to the 
increasing life expectancy, even with metastatic disease, bony 
fusion is also gaining in importance. In our clinic, we have been 
performing pVCR for decompression and stabilization in patients 
with ETG-related compression of the spinal cord and concomitant 
instability of the ventral column as well as a life expectancy of 
over 1 year. The aim of this study was to investigate the clinical 
and radiological outcome of the patients treated in this way.  

Method: All patients from 2013-2020 who were treated with 
pVCR for a tumor disease were included in a prospective database. 
Age, primary tumor, NRS, Frankel score, SINS, Karnofsky status 
(KPS) and radiological parameters were recorded from the HIS-
system.  
Results: 66 patients could be included. The mean follow-up was 

39 days. At the time of the operation, the age was 64.4±10.9 
years. The most common underlying diseases were multiple 
myelomas (n =  breast cancer (n = 14), and lung cancer (n = 
10). The SINS was  The Epidural Spinal Cord 
Cmpression Score (ESCC) was  The NRS (pre- 6.2±1.7 vs. 
postop 3.4±1.6) and segmental kyphosis (pre-   ° vs. 
postop   °) decreased significantly (p <0.001). The Frankel 
score worsened postoperatively in two (3%) patients, while an 
improvement was documented in 12  patients. The KPS 
remained constant during the observation period (preoperatively 

 vs. follow-up  Bony fusion was observed 
in 26 of 30  patients who received CT imaging more than 
100 days after index surgery.  
Conclusion: This study shows, that pVCR is a reliable surgical 
technique in patients with epidural tumor compression and 
cocomitant instability. It could be shown that the NRS was reduced 
in the short- and mid-term outcome, the KPS could be kept stable 
despite the seriously ill patients. The improvement in the Frankel 
score shows that the surgical objective can be reliably achieved. 
Despite the postoperative radiation, fusion rates of  could be 
observed. We conclude that pVCR is a safe, fast and efficient 
strategy to achieve stability and pain relief in the long term in 
patients with epidural tumor compression.  
 
V 13 
Risk factor assessment for intraoperative blood loss in spinal 
tumor surgery 
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Object: Intraoperative blood loss in oncological spine surgery 
poses a major challenge for the oncological patient population. The 
goal of our study was to analyze how the surgical procedure, tumor 
type and anatomy, as well as anesthesiological parameters impact 
the intraoperative blood loss, in order to generate a short risk 
stratification checklist for spine surgeons and anesthesiologists to 
identify patients at risk for increased intraoperative blood loss.  
Methods: We performed a retrospective clinical data analysis on 
430 oncological patients who were operated between 2013 and 

 at the university medical spine center. The study was 
approved by the local ethics committee (WF-  We enrolled 
patients with metastatic dissemination to the spine requiring 
surgical decompression and/or stabilization including tumor biopsy 
using an open, percutaneous and/or a combined approach, such as 
dorsoventral. We excluded patients requiring vertebro- and 
kyphoplasty or biopsy only. Statistical analysis was performed 
including a multiple linear regression analysis.  
Results: Overall, the mean intraoperative blood loss in our cohort 
was 1176 ml ± 1209 SD.  of patients received intraoperative 
red blood cell transfusions. Out analysis identified that the tumor 
histology, i.e. myeloma, tumor localization, the epidural spinal 
cord compression (ESCC) score, operative procedure length, body 
mass index and the surgical strategy to be significantly associated 
with increased intraoperative blood loss or risk to receive 
allogeneic blood transfusions (p <  Anesthesiological 
parameters such as the ASA score did have no impact on blood 
loss. The multiple linear regression analysis showed a good 
predictive value (r = 0.437) for a five-item preoperative checklist to 
identify patients who are at risk for increased intraoperative blood 
loss.  
Conclusion: Our study was able to identify key factors affecting 
intraoperative blood loss and shows that a simple preoperative 
checklist can be utilized in order to identify patients who are at risk 
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for increased intraoperative blood loss in patients undergoing 
surgery for metastatic tumors in the spine.  
 
V 14 
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Introduction: A key principle to set a therapy regimen for spinal 
epidural osseous metastases is the evaluation of possible spinal 
instability. Spinal instability can be assumed when the spinal 
instability neoplastic score (SINS) exceeds 12 or is regarded as 
stable below 7, but uncertainty remains in cases of an "impending 
instability" (SINS = 7-12). Previous studies have suggested a cutoff 
value of  to define instability. Adequate presurgical assessment 
of spine stability is of major importance regarding neurological 
outcome, pain as well as quality of life and overall prognosis. The 
aim of this study was to evaluate the necessity of spinal 
instrumentation in patients with SINS 7-12 with regards to 
neurological outcome. 
Material/Methods: We performed a retrospective analysis of  
patients with spinal epidural metastases treated at our center from 
2011-2021. Next to basic clinical characteristics the preoperative 
SINS Score was calculated to determine spinal instability. 
Neurological status was assessed using the Frankel Score. Patients 
were divided into an instrumentation and non-instrumentation 
group and their neurological outcome was compared. Further 
subgroup analysis was done to compare instrumented and non-
instrumented patients within the SINS scores 7-9 and 10-12. 
Groups were compared using the Chi-Square and Mann-Whitney 
U-test, statistical significance was defined as  
Results: 331 of   patients presented with a SINS score 
of 7-12. Median follow-up was 3 months (range: 0-  months). A 
total of  (76.1%) patients were treated with spinal 
instrumentation. Median SINS score in instrumented patients was 
10 vs 9 in non-instrumented patients (p<0.001). Comparing 
neurological outcomes at last follow-up there was no significant 
difference in terms of post-therapeutic improvement in Frankel 
score between the two groups (16.7% instrumentation vs 20.3% 
non-instrumentation, p=0.612). Patients with a SINS of 10-12 were 
significantly more often treated with spinal instrumentation than 
patients with a lower SINS of 7-9  in SINS 10-12 vs 62.9% 
in SINS 7-9, p<0.001). In SINS 10-12 neurological status 
improved after spinal instrumentation in 30/164 cases  vs 
6/27 (22.2%) in non-instrumented cases  In SINS 7-9 
neurological status improved after spinal instrumentation in  
cases (13.6%) vs  (19.2%) in non-instrumented cases 

 
Discussion: Although most patients with an intermediate SINS 
were treated with spinal instrumentation there was no clear benefit 
with regards to neurological outcome, even in the subgroup of 
SINS 10-12. Our data therefore suggest that in patients with spinal 
epidural osseous metastases a SINS Score of 7-12 alone might not 
warrant the increased surgical risks of spinal instrumentation. 
Other clinical factors need to be accounted for and treatment 
without instrumentation should be considered, opting for further 
prospective randomized trials.  
 
V 15 
Impact of Intratumoral Radiofrequency Ablation on 
Circulating Tumour Cell Release after Cement Augmentation 
of Vertebral Metastases 
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1Universitätsklinikum Hamburg-Eppendorf, Klinik für 
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Object: Cement augmentation via percutaneous vertebroplasty or 
kyphoplasty for treatment of spinal metastasis is a well-established 
treatment option. We assessed the impact of intraoperative 
intratumoral radiofrequency ablation before cement augmentation 
on dissemination of tumor cells into the vascular circulation.  
Methods: We prospectively collected blood from patients with 
osteolytic spinal column metastases and analysed the prevalence of 
circulating tumour cells (CTCs) at defined perioperative time-
points: preoperatively,  and 20 minutes after cement 
augmentation, and 3-  days postoperatively. We enrolled 21 
patients, including 6 breast-, 6 lung-, 2 colorectal-, 2 prostate-, 2 
urothel- and 3 other tumor entities. The study was approved by the 
local ethics committee   
Results: Although in some cases a clear increase of CTCs after 
cement augmentation was observed, statistical analyses did not 
show a significant increase of  CTCs in samples 
taken  or 20 minutes post-cement augmentation (P  and 

 respectively). In comparison to a previous study, where we 
reported a significant increase of CTCs after cement augmentation 
without radiofrequency ablation, the current data suggests a 
reduced dissemination of tumor cells due to the intraoperative 
thermal ablation technique.  
Conclusion: Intratumoral radiofrequency ablation before cement 
augmentation of osteolytic spinal metastases can potentially reduce 
the number of mechanically disseminated CTCs. Follow-up 
analysis will determine if the radiofrequency ablation also 
improved the local tumor control. Our findings provide a rationale 
for the use of intraoperative radiofrequency ablation to reduce the 
increased release of CTC after cement augmentation of osteolytic 
spinal metastases.  
 
V 16 
Body image is more negative in patients with chronic low back 
pain compared to subacute patients and healthy controls 
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Background: The concept of body image is a growing aspect 
within pain research, focussing on perceptual aspects. In the 
preceding years research concentrated on cognitive-affective 
aspects, as well, which comprise a multimodal concept of body 
image with beliefs, thoughts, and actions with respect to the own 
body. Most important to individuals are attractiveness and physical 
fitness. The latter seems to be relevant for patients suffering from 
low back pain (LBP), suggesting beliefs to be related to the 
maintenance of LBP. However, the effective direction is unknown. 
With regard to LBP is body image as a possible protective factor 
within psychosocial factors rarely discussed. Therefore, one aim of 
the present study was to distinguish between patients with LBP in 
different stages of pain (subacute/chronic) and healthy controls 
(HC) with regard to the concept of body image.  
Methods: 77 patients  w, age M =   11,26) with 
subacute (n = 33) or chronic (n = 44) LBP and  healthy controls 
(42.1% w, age M =   13,4) filled in a battery of 
questionnaires in terms of pain parameters and body image (three 
subscales of the Frankfurter Body Concepts Scales: Physical 
efficacy (SKEF), Self-acceptance (SSAK), and Health (SGKB).  
Results: Results of analysis of variance and Chi²-tests showed a 
more negative body image of chronic pain patients (CLBP) in all 
three dimensions SKEF (X² =  p = .001), SSAK (F (2) =  
p < .01), and SGKB (X² =  p < .01) compared to HC. Patients 
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with subacute pain showed a more negative body image of SKEF 
compared to HC (p <  SSAK was more negative in chronic 
patients compared to subacute patients (p < .01). Furthermore, all 
three body image dimensions of CLBP-patients were negatively 
correlated to pain intensity and disability. Subacute LBP-patients 
showed a negative correlation between SGKB and disability only (r 
= -  p < .01). No gender differences were seen neither in 
concerns of body image dimensions nor to pain parameters. 
Conclusions: This is the first study to distinguish cognitive-
affective aspects of body image in patients suffering from CLBP or 
subacute pain. Results suggest to deserve closer attention to body 
image in future studies, to improve individual therapy.  
Keywords: body image, low back pain, subacute, chronic, control 
group  
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Validity of various measuring instruments of health-related 
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Introduction: Health-related quality of life can be assessed using 
patient reported outcome measures (PROMs). The PROMS 
Oswestry Disability Index (ODI), Core Outcome Measures Index 
(COMI), which are specific to spinal pathologies and the universal 
patient-reported Outcome Measurement Information System 29 
(PROMIS-29) are established measuring instruments in spine 
surgery. The significance of different PROMs in spinal pathologies 
was compared in this study.  
Method:  patients were included in this prospective study. The 
PROMs ODI, COMI,  and PROMIS-29 as well as an 
innovative single-item score (Subjective Spine Value, SSpV) were 
recorded both pre- and postoperatively. The statistical evaluation 
was carried out using the Spearman correlation coefficient.  
Result: The Spearman correlation coefficient between the 
established PROMs was between 0.293 and ODI, COMI,  

SSpV <  pPROMIS-29 <  -  The SSpV showed a 
significant correlation to the investigated PROMs (r= 0.393 - 

 pODI, COMI,  SSpV <  pPROMIS-29<  -  The 
SSpV shows a high correlation with  and PROMIS pain 
intensity (r= 0.441 -  p <  In addition, the SSpV was 
very responsive 6 weeks and 3 months postoperatively (SSpV: 
33%/36%, COMI:  ODI:    
p < 0   
Discussion: The high variability of the PROMs examined reflects 
the various aspects of the individual health-related quality of life. 
The SSpV is a valid measuring instrument for the efficient 
evaluation of the health-related quality of life. 
In our collective, the variability of the scores for examining health-
related quality of life described in the current literature could be 
confirmed. Due to its high responsiveness, the SSpV is also very 
suitable as a course parameter in spinal pathologies.  
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Introduction: Low back pain is the leading global cause of years 
lived with disability. Some cases recover with little intervention, 
some are amenable to surgical intervention, and some cases are 

intractable to current care paradigms. Restorative neurostimulation 
is a relatively new approach to intractable mechanical low back 
pain, that elicits an effect by long term direct stimulation of the 
medial branch of the dorsal ramus. This causes contraction of the 
multifidus muscle and to attempt to restore motor control and 
dynamic stability, improving pain and disability by a mechanism 
that accrues with continued use of the device. The two-year follow-
up of from the IDE study demonstrated meaningful long-term 
improvements in this difficult to treat patient population.  
Methods: A prospective registry of cases conducted in Germany 
was established as part of the post market requirements for the use 
of the ReAct  (Mainstay Medical, Dublin, Ireland) device in 
Europe. To date  sites have contributed case data on  patients. 
Patient reported outcomes including numerical rating scale (NRS) 
for back pain, Oswestry disability index (ODI), quality of life (EQ-

  and patient satisfaction and adverse events were 
documented at intervals out to two years. Here we report on 
interim analysis of this dataset.  
Results: Patients enrolled into the registry were on average  
years old, with a history of back pain for an average of  years. All 
had failed conservative management, including a combination of 
physiotherapy, medication, injections and/or radio frequency 
ablations. At baseline the mean (±SEM) NRS, ODI and EQ-  
were 7.3±0.2,  and  respectively. At the time of 
submission  39 and 16 patients have reached 6, 12 and 24 
months since implantation. At one year follow-up,  of 
patients experienced a reduction of greater than  in pain and 
69.3% of patients experienced either a  reduction in pain or a 

 point reduction in ODI. This magnitude of response appears to 
be maintained  of the current sample of patients with two 
years follow-up.  
Conclusion: Restorative neurostimulation is a new therapy 
specifically for difficult to treat mechanical low back pain patients. 
The current data from this registry represents the real-world 
experience in German patients. Most of these patients receive 
substantial improvements in pain and disability over the medium to 
long term, consistent with the published outcomes from the pivotal 
study. This interim analysis describes the progress of this cohort to 
date and further data will be presented over the follow up period.  
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Introduction: Facet joint arthropathy related chronic low back 
pain is associated with significant disability and entails a high 
economic burden. Different treatment options are currently 
available, including radiofrequency neurotomy (RFN) of the 
lumbar medial branch and more invasive, endoscopic neurotomy 
(EN). Long-term outcome of multilevel application of both 
therapies has not been compared in a standardized setting yet. We 
hypothesized that percutaneous multilevel radiofrequency 
neurotomy is associated with superior long-term outcomes 
compared with endoscopic neurotomy. 
Methods: Patients with facet joint arthropathy related chronic low 
back pain were prospectively included between 01.01.2016 and 
31.12.2019. Spinal imaging was performed in all patients to rule 
out other pathologies. Patients were grouped based on the applied 
treatment strategy. Individuals treated by radiofrequency 
neurotomy group were included in group RFN, whereas patients 
treated by endoscopic neurotomy were included in group EN. 
Outcome parameters included: The Core Outcome Measures Index 
for the back (COMI-back), VAS (Visual Analog Scale)-scores, 
complications and costs. Data was collected prior to intervention 
and during a follow-up period of 12 months. 
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Results:  patients  female) with a median age of 62 years 
were included. 36 individuals underwent RFN 29 patients were 
treated by EN. Prior to intervention, patients had a median (IQR) 
COMI of  (7.7-9.0) and a median (IQR) VAS of  (7.0-9.0). 
After the intervention, a significant drop in VAS was documented 
in both study conditions. Thereafter, pain-scores rose gradually 
during the first 12 months in the EN group, whereas VAS-levels in 
the RFN group remained unaltered. Complication rates were 
significantly lower in the RFN group, compared with EN-patients 
(p<0.007). More specifically, an Odds ratio (OR) of 1.9 was found 
for sensory complications when comparing both treatment options. 
Total costs were significantly lower for RFN (p<0.01). 
Conclusion: The current prospective comparative study 
demonstrates that both endoscopic neurotomy and radio frequency 
neurotomy are safe and feasible treatment options for facet joint 
arthropathy associated chronic low back pain. Moreover, the 
current study reveals that multilevel percutaneous radiofrequency 
neurotomy of the lumbar medial branch is associated with 
enhanced long-term pain relief, lower complication rates and lower 
costs than the more invasive alternative, endoscopic neurotomy for 
these patients. This implies that RFN should be considered as the 
preferred treatment option for patients with chronic low back pain 
due to facet joint arthropathy. Application of EN should be 
reserved for patients in which RFN is contraindicated, after 
unsuccessful RFN or following relapse.  
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Purpose: The prevalence of osteoporotic vertebral body fractures 
range between  and 26%. The majority of those fractures can 
be treated non-operatively. However, non-operative treatment 
concepts are heterogeneous in literature. The aim of this systematic 
review is to analyze the literature regarding the evidence of non-
operative treatment in osteoporotic thoracolumbar vertebral body 
fractures. 
Methods: A total of  articles were identified by two 
independent observers including two databases (pubmed, web of 
science). Thereby,  articles were finally included in the 
systematic review via a PRISMA protocol. Non-operative 
treatment was divided into the following  sub-items: Diagnostic 
algorithm, supply of medical aids, medications, physiotherapy, and 
alternative medical treatment. 
Results: Generally, the evidence level was low. The best evidence 
was available for physiotherapy including three level I, four level II 
studies, one level III, and one level IV studies. A total of 22 studies 
belonged to the item diagnostic algorithm. Fifteen studies were 
included to the sub-item fracture diagnostic (1* level II; 7 * level 
III; 7 * level IV), and seven studies analyzed the diagnostic of 
osteoporosis (3 * level III; 4 * level IV). Two studies dealt with 
supply of medical aids (1 * level II; 1 * level III) and three studies 
analyzed medications (2 * level II; 1 * level III). In contrast, no 
study dealt with alternative medical treatment. Further radiographs 
are necessary over a period of six months. Osteoporotic diagnostic 
and treatment should be started as soon as possible, ideally during 
the inpatient period. 

Conclusion: Additional physiotherapeutic support increases the 
quality of life. This should be started as soon as possible. A supply 
with active orthoses seems to improve the outcome. The initial 
diagnostic algorithm includes conventional radiographs, if possible 
in standing position. A total spine MRI and CT are indicated in 
patients with suspicion of vertebral body fracture. Operative 
treatment is indicated in unstable vertebral body fractures and 
should be discussed in patients immobile patients due to substantial 
pain.  
 
V 21 
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Introduction: Although men do not undergo menopause like 
women, their estradiol and testosterone levels also decrease with 
age, leaving them with continuous bone loss. Men suffer less often 
than women from osteoporosis, but account for about 20% of all 
symptomatic osteoporotic vertebral fractures. This being a less 
known fact causes an undertreatment of men with antiosteoporotic 
therapy. We wanted to evaluate the current treatment situation of 
male patients after an osteoporotic vertebral fracture. 
Materials and Methods: In a multicenter clinical evaluation of the 
OF-Score for therapy-planning and treatment-recommendations for 
osteoporotic thoracolumbar fractures of the spine (EOFTT), data 
were prospectively collected from patients with osteoporotic 
vertebra fractures. A criterium to be included in the trial was a 
clinical diagnose of osteoporosis. The patients were asked about 
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their current antiosteoporotic medication (aoT) on the day of their
admittance into the hospital (TdA), on the day of their discharge
(TdE) and on follow-up appointments (FU). Differences in age
were checked with the t-Test. Differences between the genders and
their aoT were analyzed with the Pearson Chi-squared Test and the
Generalized Linear Model (rmGLM).
Results: In 17 hospitals (16 in Germany, 1 in Switzerland) a total
of 494 patients with vertebral fractures could be included. The data
of of those patients men and 310 women) was analyzed.
The mean age of the patients was 79±10 (49-97) years. The
rmGLM shows a significant increase in aoT (p<0.001). In general
men less often received aoT (p=0.001). On the day of their
admittance into the hospital, only of the male patients
reported aoT, whilst 39% of the female patients reported treatment
for osteoporosis (p<0.001). On the day of their discharge 77% of 
men and of women received an aoT In terms of FU
appointments, we included the data of the last one (FU
the patients participated in. Here the numbers for men were slightly
decreasing. Only 74% of men still received aoT, whereas of 
women received aoT (p=0.001). The detailed usage of aoT is given 
in Table 1.
Discussion: Within our study the proportion of men with a
symptomatic osteoporotic fracture was 23%. At the time of their
admittance of men and 61% of women reported no aoT. The
differences between men and women are significant and lead to the
conclusion, that men are undertreated with aoT. Positive on the
other hand is the increase of antiosteoporotic treatment in both 
groups and the convergence of the aoT of men towards the level of 
women. By the time of the FU, the proportion of men with aoT
decreases, whilst the proportion of women improves slightly. The
cause of this significant decrease of the aoT in men at the time of 
their FU cannot be explained with the obtained data.

Fig. 1

Fig. 2

V 22 
Does use of incisional VAC after revision surgery on the spine
reduces further wound revision surgery?
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Objective: One treatment method to reduce wound infections and
improve wound healing is to apply VAC to the closed surgical
wound (ciNPWT = closed-incision negative-pressure wound 
therapy). This retrospective study was conducted to determine
whether treatment with ciNPWT reduces unplanned wound 
revisions on the spine compared to standard wound dressings.

Methods: It is a retrospective matched control study at a maximum
care spine center. We included adult patients who received an
unexpected revision surgery after primary aseptic spinal surgery
between December 2011 and December 2019.
Patients who needed another unplanned wound revision surgery
were rated as treatment failures. From 2017, in addition to
debridment, local and systemic antibiotic therapy the standard
treatment was closed-incision NPWT for to 10 days (ciNPWT
group), while the further intra- and postoperative treatment
algorithm did not differ from the years 2011 to 2016 (control group 
(= CG)). We recorded the following parameters in all of our
included patients: ASA score, body mass index, smoking status,
arterial hypertension, coronary heart disease, diabetes, steroid use,
anticoagulation, number of levels instrumented, duration of 
primary and revision surgery, number of revisions, ICU-admission,
local antibiotic therapy, laboratory values before revision surgery
(hemoglobin, leukocytes, albumin, CRP), mortality and 6 month
follow-up. We used the programming language R for statistical
evaluation of the data and a one-to-one matched pair analysis
between ciNPWT and control group. A P-Value < was
considered statistically significant.
Results and Conclusion: A total of patients (age: ±
years; 66% male) were included. of them belonged to the
ciNPWT group (22%). The mean age of the population was
years (ciNPWT: ± 13.3; CG: 64.3 ± years (p =
and the mean body mass index was kg/m2 (ciNPWT: 29.4 ±
6.7; CG: 27.9 ± 6.2 kg/m2 (p = 0.16)).
There were no significant differences between the groups in the
rate of treatment failure (ciNPWT: CG: 22.4% (p = 0.7)). 46
patients were included in the matched pair comparison analysis
(ciNPWT: 26.1%; CG: (p = 0.3)), which also showed no
significant differences. Across all groups, an increased CRP-value
immediately before first wound revision was a significant risk
factor for further revision surgery (treatment failure: ±
no treatment failure: 79.7 ± mg/l (p <
Based on our study, there is no advantage of the more expensive
closed-incision NPWT compared to the standard wound dressing 
regarding incidence of unplanned wound revision after spinal
revision surgery.

V 23
Rates of Early Complications and Mortality in Patients over the
Age of 80 After Surgical Treatment of Acute Traumatic Spinal
Fractures: Ankylosing Spondylitis versus Osteoporotic Fractures
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Oskouian2, J. R. Chapman2
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Introduction: The purpose of this retrospective cohort study was to
analyze the early complications and mortality associated with
multilevel spine surgery for unstable fractures in patients with
ankylosing spondylitis aged over years and to compare the results
with an age- and sex-matched cohort of patients with unstable
osteoporotic fractures.
Material/Methods: A retrospective review of the electronic medical
records at our institution was conducted between January 2014 and
December 2019. Patient demographics, surgical characteristics,
complications, hospital course, and 90-day mortality were collected.
Comorbidities were stratified using the age-adjusted Charlson
Comorbidity Index (CCI).
Results: Among 11,361 surgically treated patients, 22 patients with
ankylosing spondylitis (AS group) and 24 patients with osteoporosis
(OS group) were identified. Mean age was and
years, respectively. A significant difference in mean CCI was found
(7.6 vs Multilevel posterior fusion procedures were
conducted in all patients, with 6.7±1.4 fused levels in the AS group
and 7.1±1.1 levels fused in the OS group Major
complications developed in 10 patients of the AS group
compared to 4 patients (17%) in the OS group The 90-day
mortality was 36% in the AS group compared to 0% in the OS group
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Discussion: Patients over years of age with ankylosing
spondylitis bear a high risk of adverse events after multilevel spinal
fusion procedures. The high morbidity and 90-day mortality should
be clearly discussed and carefully weighed against surgical
treatment.

V 24 
Influence of post-surgical sagittal malalignment on stress in
rods and intradiscal pressure
A. Leszczynski1, F. Meyer1, *Y. P. Charles2, C. Deck1,
R. Willinger1

1ICube, MMB, Straßburg, France
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Introduction: Surgical corrections of degenerative lumbar
scoliosis are associated with mechanical complications such as
implant breakage and pseudarthorsis in the long term. Increased
risk of rod rupture was observed in follow up studies in patients
with postoperative sagittal malalignment. A sagittal vertical axis
(SVA) greater than cm has been identified as a risk factor for rod
rupture and a possible cause for revision surgery. There is a need
for additional study to further evaluate these potential risk factors.
The objective is to compare rod stress and intradiscal pressure of
four different sagittal alignments ranging from normal to severely
augmented using a validated (L1-pelvis) Finite Element Model
(FEM).
Materials and Methods: A validated FEM of the lumbo-sacral
column (L1-pelvis) with a spinal alignment type III according to
Roussouly is used. The FEM is instrumented with bilateral single
CoCr rods of mm diameter ranging from L2 to the pelvis. In a
correctly arranged Type III spine, the gravityline runs 30mm in
front of the center of L1. An increase in the anterior imbalance is
accompanied by a shift of the upper body weight (~40kg)
anteriorly, resulting in a higher lever arm. In this study, the FEM is
loaded with a vertical load of 400 N applied with lever arms of 30 
mm (GL_1), 60 mm (GL_2), 90 mm (GL_3), and 120 mm (GL_4) 
from the center of L1, representing normal to severely increased
alignments. The force application positions are shown in Figure 1.
Results: Maximal von Mises stress in rods is situated at -S1 for
all lever arms and has the values: 699 MPa for GL_1, MPa for
GL_2, 1034 MPa for GL_3 and MPa for GL_4. Regarding 
intradiscal pressure, increasing the lever arm from 30mm to
120mm can result in an elevation of the pressure by almost
Pressures in the intervertebral discs are shown in Figure 2.
Conclusion: Postoperative sagittal imbalance significantly
increases rod stresses and intradiscal pressures. The increase in
biomechanical parameters heightens the risk of instrumentation 
failure or degeneration of the intervertebral discs. An adequate
preoperative planning is necessary to avoid sagittal imbalance
following surgical correction.

Fig. 1

Fig. 2g

V 25
Negligible systemic uptake of suprafascial vancomycin
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Introduction: Intrawound vancomycin powder is an emerging
strategy to reduce surgical site infections (SSIs) in spine
surgery. However, there are concerns relating to its safety
profile and toxicity. Data on systemic uptake of suprafascially
administered vancomycin powder following instrumented
spinal fusion is lacking. In this study we analyzed the systemic
uptake and safety of suprafascially administered vancomycin
powder in the early postoperative phase following open
instrumented posterior spinal fusion.
Material/Methods: This was a substudy of an ongoing
randomized clinical trial. Patient enrollment startet in
November 2019. Eligible adult patients were randomized 1:1 to
either receive suprafascial vancomycin powder before wound
closure or not to receive vancomycin powder. Serum
vancomycin levels were assessed on postoperative days 1 and 2,
serum creatinine levels were measured pre- and
postoperatively. Adverse events up to 6 weeks following
surgery were recorded.
Results: Among 34 randomized patients (mean age 62 years,
range 31- years; women), 17 received of
vancomycin powder. No detectable serum vancomycin levels (>
4.0 mg/L) were found. Rates of adverse events in the
vancomycin and control group, respectively, were (4/17)
vs. 17.6% (3/17) (OR 1.43; CI, 0.27- P = 1.00). Two
patients in the treatment arm showed increases in postoperative
serum creatinine levels and compared to eight
patients in the control group (range: to No patient
had nephrotoxicity or ototoxicity in either group.
Discussion: Suprafascial vancomycin powder in open
instrumented spinal fusion surgery is safe and results in
negligible systemic uptake. Final results of the VANCO trial
need to be awaited for conclusive data on the efficacy of
vancomycin for SSI prevention and its impact on wound
healing.
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Objectives: Primary MRI diagnosis of spinal cord tumor-
suspected lesions is sometimes challenging, whereas the 
identification of the definite entity is crucial for dedicated 
treatment to reduce patient morbidity. There are several minor 
reports within the literature concerning Diffusion Tensor 
Imaging (DTI) gaining better lesion differentiation. The aim of 
this trial was to investigate specific quantitative DTI signal 
patterns to separate unclear intramedullary tumor-suspected 
lesions. 
Methods: Within this prospective diagnostic cohort study, 
patients with a radiological unclear tumor-suspected lesion of 
the spinal cord received DTI. The definite diagnosis was 
determined by histological and clinical work-up or remained 
unclear with follow-up examinations due to minor clinical 
impairment. The Fractional Anisotropy (FA) and Apparent 
Diffusion Coefficient (ADC) were evaluated at 1. the central 
lesion area (blue), 2. lesion margin (green), edema if existing 
(red) and normal spinal cord region (yellow) (Figure 1). The 
three definite diagnostic groups "ependymomas", "other spinal 
cord tumors" and "inflammations" were compared concerning 
their DTI metrics. 
Results: Overall, 40 patients were included with a mean age of 

 (±  years and modified McCormick score of 2.0 (± 
1.2). The mean DTI metrics for the definite diagnosis groups 
are shown in Figure 2, whereas in 14 patients the diagnosis 
remained unclear. There were no significant differences 
comparing ependymomas (n=10) and other spinal cord tumors 

 Increased FA and lower ADC values were detected for 
inflammatory lesions   ADC=1.027) compared 
to ependymomas (FA=0.322, p=0.004;  p=0.001), 
as well as other spinal cord tumors (FA=0.347, p=0.001; 
ADC=1.436, p=0.021) at the lesion margin. Additionally, there 
were significant higher FA values at the central lesion area for 
inflammations  vs. 0.240 in ependymomas (p=0.001) 
and 0.260 in other spinal cord tumors (p=0.003)). 
Discussion: Even if a distinct differentiation of ependymomas 
from other spinal cord neoplasms was not possible based on 
quantitative DTI metrics, FA and ADC were still feasible to 
separate inflammatory lesions from tumors. Reasonable seems 
to be the more directed neuronal fiber structure compared to 
neoplastic areas. This may avoid unnecessary surgery in 
patients with unclear intramedullary tumor-suspected lesions. 
Figure 1: Hemorrhagic ependymoma of a -years-old woman 
at level  with associated perifocal edema. Exemplary Region 
Of Interest (ROI) application directly on FA and ADC maps 
with anatomical correlation to 3D T2-weighted images. 
Figure 2: Boxplots for DTI metrics of the three definite 
diagnosis groups. ADC values are given in 10-3 mm2/s. Group 
comparison using Mann-Whitney-U-test for non-normally (*) 
and t-test for unpaired samples in normally distributed values. 

Fig. 1 

 
Fig. 2 
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Purpose: To determine threshold values of the validated 
outcome scores Oswestry Disability Index (ODI) and Core 
Outcome Measures Index (COMI) to differentiate favorable 
from poor outcomes for patients undergoing surgery for lumbar 
spondylodiscitis (LS). 
Methods: Patients with LS undergoing surgery in a tertiary 
referral hospital were included prospectively from -2019. 
Data were collected preoperatively (T0) as well as one year 
after surgery (T1). Quality of life (QoL) data scores (ODI and 
COMI) were collected. Four criteria defined successful clinical 
outcomes: no recurrence of spondylodiscitis, back pain  4 on 
VAS or improvement of  3 points (T0/T1), no LS-related 
neurological deficit (Frankel E or D without deterioration 
compared to preoperative value) and radiological fusion of the 
affected segment. 
Results: Results from 92 LS patients were analyzed.  of 
all patients had successful treatment. The threshold values for 
the ODI and COMI were calculated at  and 4.2 points, 
respectively. QoL scores differed significantly in both 
subgroups at the one-year follow-up.  
Conclusion: The present study confirms a significant 
improvement of functional aspects and QoL after surgical 
treatment of LS. Based on established outcome criteria we were 
able to determine threshold values for the QoL scores ODI and 
COMI to separate successful therapy from treatment failures, 
which could be observed in 20%. These threshold values allow 
a more precise estimation of the post-surgical outcome, since 
LS can be depicted more precisely in its complexity. In the 
future further studies should be encouraged to include the 
present cut-off values of ODI and COMI as outcome parameters 
for LS.  
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Introduction: Spondylodiscitis is still associated with high
morbidity, mortality and impaired quality of life. The aim of
treatment is a radical debridement of the infection focus, avoid
neurological deficits, and restore spinal stability and the sagittal
profile. The dorsoventral fusion plays an important role in the
treatment algorithm, with a wide variety of implants with different
properties being available. Little is known about the influence of the
material on the clinical outcome. In view of this rather limited
knowledge, the aim of the present work was to investigate the
clinical and radiological result depending on the material used.
Μετηοδσ: We carried out a comprehensive, systematic literature search
according to the PRISMA checklist and algorithm, including the
Pubmed and Google Scholar databases, with previously defined
search terms. The clinical and radiological results were analyzed with
a focus on the recurrence and revision rate, the extent of sintering,
the restoration of the sagittal profile and the fusion rates at the time
of the last follow-up depending on the implanted cage material (P:
PEEK n (patient) = T: titanium n = K: autologous bone n =

MC: mesh cages titanium n =
Results: A total of 2200 potentially usable studies could be
identified. After considering all inclusion and exclusion criteria,
studies with a total of patients and a mean follow-up time of
31.3 months were considered. The mean patient age was years.
A neurological deficit was documented in (n = of the
cases. Staphylococcus aureus was the most common pathogen with
34% (n = 396). The lumbar spine was affected isolated in (n =
347) of the cases; in 70.2% (n = the lumbar and thoracic spine
were treated combined. The rate of recurrences was comparably low
in all groups (P: n = 0/0%; T: n = / 1.7%; K: n = 7 / 1.0%; MC: n =
0/0%) as well as the proportion of revisions (P: n = 2 / 2.6%; T: n = 3
/ 1.0%; K: n = 6 / MC: n = / Non-unions of the
treated segments were observed more frequently in the collective K
and MC (P: n = 1 / 1.3%; T: n = 3 / 1.0%; K: n = 29 / 4.3%; MC: n =
4 / 4.1%). The lumbar lordosis was best reconstructed using P and
MC (P: 9.2 °; T: °; K: °; MC: 10.7 °). There were no
differences in the recovery of thoracic kyphosis (T: 7 °; K: 6.7 °;
MC: 4.7 °).
Discussion: The increased adhesion behavior postulated in
experimental studies on PEEK cages in contrast to titanium with a
consecutively assumed increased recurrence rate were not confirmed
by the available results. There were also no differences in terms of
fusion failure, revision rates or the extent of the reconstruction of the
sagittal profile. In summary, all analyzed cage materials can be used
for intersomatic fusion in spondylodiscitis.

V 29
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Introduction: The coexistence of endocarditis (EC) in
spondylodiscitis (SD) ranges 7-30% and increases in patients
years of age (1). In rare cases, no bacteraemia is found previously.

Question: What is the proportion of endocarditis in confirmed
spondylodiscitis with and without bacteraemia?
Methods: Retrospective monocentric study (01/2016-01/2020). All
treated patients with confirmed spondylodiscitis (positive MRI
findings, histology and/or positive microbiological evidence) ±
bacteraemia and cardiac echocardiography were included. In
addition, all cases with confirmed SD and EC without bacteraemia
were also included in analysis.
Variables investigated: Localisation of SD, pathogen spectrum of
blood cultures, demographic characteristics, secondary diagnoses,
therapy, mortality.
Results: During the study period patients of cases with
confirmed spondylodiscitis met the above-defined inclusion 
criteria. The mean age was years. All patients underwent
echocardiography. 17% (n=32) showed coexisting endocarditis,

of them without bacteraemia. All cases were
discussed in the cardiologic board meeting on an interdisciplinary
basis. The left heart was most frequently affected 14x
aortic/ 11x mitral valve). In 9,3% (n=3) pacemaker electrodes were
infected. In 17 cases the SD was surgically treated at first,
followed by valve surgery in 4 patients. In 13 cases (40%) both
entities were treated conservatively. In 2 cases only valve
surgery was performed. The mortality rate for coexisting 
endocarditis was and was significantly higher 
compared to all SD patients without endocarditis (11.74%).
Staphylococcus aureus was the most common pathogen (14x
MSSA, 1x MRSA). Very rare pathogens of EC were found in 3 
cases (1x Candida albicans, 2x E. coli). All patients received
treatment with antibiogram-compatible antibiotics.
Conclusion: Acute endocarditis coexisting with spondylodiscitis is
life-threatening. Mortality is significantly higher in cases with
bacteraemia and EC. Early diagnosis and consistent radical therapy
are crucial for patients' outcome, depending on patient-specific risk
profile. We recommend echocardiography (TTE/TEE) as standard 
in all patients with SD and bacteraemia.
(1) Morelli et al, Spine 2001

Fig. 1

Fig. 2



European Spine Journal (2021) 30:3328–3414 3341

123

V 30 
A novel spondylodiscitis assessment score for immediate
evaluation of mortality risk on hospital admission
*M. Stangenberg1, H. Annika1, A. Strahl1, L. Viezens1,
L. G. Koepke1, M. Dreimann1

1Universitätsklinikum Hamburg-Eppendorf, Klinik für 
Unfallchirurgie und Orthopädie, Hamburg, Germany

Introduction: Spondylodiscitis presents with often unspecific and
heterogeneous symptoms that delay the diagnosis and unavoidable
therapeutic steps. If optimal treatment is delayed, the overall
mortality increases up to 20%. As a potentially life-threatening
disease, fast and correct triage is therefore essential. In this context,
a quick assessment based on a few easily accessible medical
characteristics can be useful in order to predict the survival of 
patients on inpatient admission and to be able to initiate necessary
diagnostic and therapeutic steps in a timely manner.
Methods: A retrospective analysis of 307 patients from a
prospectively collected database with proven spondylodiscitis was
carried out. Only hematogenous spondylodiscitis cases were
included; postoperative infections were not included in the study.
The demographics of the patients, comorbidities, surgical and anti-
infectious treatment, laboratory parameters and microbiological
results were analyzed. Using the endpoint "mortality", multiple
logistic regression analyzes were used to identify relevant patient
and clinical factors that can predict mortality. A weighted sum
score to estimate the mortality risk was developed and then
validated on a randomly selected cohort of 74 spondylodiscitis
patients from the total cohort.
Results: 14.3% (n = 44) of the patients died during inpatient
treatment for spondylodiscitis. The regression analyzes of the
parameters recorded at hospital admission showed that an age over

years, the presence of rheumatoid arthritis, a creatinine value
> 1.29 mg / dl, a CRP value > mg / l elevated the mortality
risk 3.9-fold (p = 0.001), 9.4-fold (p = 0.001), 4.4-fold (p < 0.001) 
and 4.1-fold (p = 0.001), respectively ( 2 = p <0.001,
Nagelkerke R2 = The detection of S. aureus increased the
mortality risk by a factor of 2.3 (p = Based on these factors,
a 1-9 point score was developed to identify patients with slightly
increased (1-3 points), high (4-6 points) and very high (7-9 points) 
risk of hospital mortality. Based on this data, of the cases
could be correctly classified and the mortality predicted (area under
the curve: CI, 0.719- p <0.001).
Conclusion: The novel spondylodiscitis-assessment score can be
used to anticipate the risk of hospital mortality in spondylodiscitis
patients on the basis of previous illnesses, age, and creatinine and
CRP values at the time of inpatient admission. Implementation in
routine operational processes could therefore accelerate diagnostic
and therapeutic measures and thus possibly contribute to an
improved outcome.

Fig. 1g

V 31 
Sonication in patients with spinal cord stimulation: a new
approach for infection diagnostics
*A. Kasapovic1, M. Jaenisch1, T. Ali1, D. Schwetje1
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Introduction: Spinal cord stimulation is an evidence-based
treatment for a number of chronic pain conditions. While this
therapy offers improvement in pain and function it is not without
potential complications. There are concerns regarding bacterial
colonization of the temporary lead extensions and subsequent
infection risk due to a trial stimulation with lead extensions passing
the skin surface and being connected to an external stimulation
device. This study evaluates the infection rate and microbial
colonization of spinal cord stimulator lead extensions and the
surrounding tissue. The results of this study can possibly identify
risk factors for surgical site infections and determine the impact of
certain preventative measures on the rate of surgical site infection.
Methods: Prospective observational study for 22 patients with a
spinal cord stimulation trial. The epidural leads were connected to
lead extensions that pass the skin and were connected to an
external stimulation device. A 2-stage cut-down procedure was
performed. Microbial colonization of the subcutaneous lead
extensions was assessed with sonication. The presence of
organisms in the subcutaneous tissue was evaluated separately.
Surgical site infections were recorded. Patient demographics, risk
factors including diabetes, tobacco use, obesity, trial length and
infection parameters in serum were recorded and analyzed.
Results: The mean age of the patients was years (39-71). On
average, the trial length was 13 days -19). With sonication there
were 3 cases (13.6 %) positive for microbial colonization (2 cases
Staph. epidermidis, 1 case Candida parapsilosis). There were no
positive cultures from the subcutaneous tissue samples. The C-
reactive protein and leukocyte count kept the preoperative level.
Surgical site infections were not detected in any case and no late
infections occurred for the first 6 postoperative weeks.
Discussion: Despite the concerns regarding bacterial colonization 
of the temporary lead extensions, there were no surgical site
infections. There was a low incidence of microbial colonization of 
the lead extensions in sonication and no bacterial growth in the soft
tissue as well. We conclude that the 2-session procedure is a safe
approach that is not associated with a higher incidence of infection.
The sonication method is a useful additional tool for microbial
diagnostics in spinal cord stimulation patients.

V 32 
The impact of lateral pedicle screw misplacement and
subsequent correction of screw trajectory on screw anchorage.
A biomechanical analysis
*A. Spicher1, R. Lindtner1, M. Zegg1, R. Schmid1, P. Ferlic2,
R. Bostelmann3, W. Schmölz1

1Medizinische Universität Innsbruck, Orthopädie und 
Traumatologie, Innsbruck, Austria
2Medizinische Universität Graz, Universitätsklinik für Orthopädie
und Traumatologie, Graz, Austria
3Christliches Krankenhaus, Neurochirurgie, Quakenbrück,
Germany

Pedicle screws are widely used in the treatment of thoracolumbar
spinal pathology. Although intraoperative guidance improved over
the last decade, pedicle screw misplacement remains a common
complication. However, the effect of screw misplacement and
associated pedicle wall perforation on screw anchorage has not
been well studied. This biomechanical study therefore sought to
answer the following two questions: (1) Is pedicle screw anchorage
of laterally misplaced screws (LM) inferior to that of well-placed
control screws (CON)? (2) Does redirection of laterally misplaced
screws improve or rather compromise pedicle screw anchorage?
Twenty fresh frozen human thoracolumbar vertebrae were
randomly assigned to one of two test groups (group 1 (CON vs.
LP) or group 2 (LP vs. CORR)). Mean age and BMD were
comparable among the two groups (group 1: years,

mg/cm3; group 2: 62.6±9.3 years,
mg/cm3). In the first part of the study, laterally misplaced screws
with lateral cortical perforation (LM) were compared to well-
placed control screws (CON) contained within the cortices of the
pedicle. In the second part (group 2), laterally misplaced screws
with subsequent correction of screw trajectory (CORR) were
compared to laterally misplaced screws without redirection. The
experimental design allowed for pairwise left–right comparisons
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under comparable conditions, such as bone quality and pedicle 
morphology. Each screw was subjected to cyclic loading in cranio-
caudal direction (initial  to -  with an increasing load 
magnitude (-  every 100 cycles) until screw loosening. For 
statistical analysis, a paired t-test was used. 
Laterally misplaced pedicle screws resisted a significantly lower 
mean number of load cycles and maximal force until loosening 
than the well-placed control screws  vs.  
load cycles; and  vs. .3N, respectively) 
(both p = 0.003). Redirected laterally misplaced screws showed a 
significantly lower number of load cycles until loosening than 
laterally misplaced screws  vs.  p =  
and  N±104.12 N vs  N±136.46 N (p=0.020)  
Our results indicate that lateral pedicle screw misplacement 
negatively affects screw anchorage. However, redirection of 
laterally misplaced pedicle screws does not improve but rather 
compromise screw anchorage and may not be desirable if the 
misplaced screw does not harm relevant anatomical structures.  
 
V 33 
Electromyographic analysis of mechanical load szenarios of the 
cervicothoracic junction: First in-vivo study to evaluate the 
potential decrease of myofascial dehiscences following 
posterior cervicothoracic fusion. 
B. M. Schröder1, H. Koller2, E. Liodakis1, C. Krettek1, S. Körner3, 
*S. Decker1 
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3Medizinische Hochschule Hannover, Klinik für Neurologie, 
Hannover, Germany 

Introduction: Soft tissue complications following cervicothoracic 
fusion surgery occur frequently. Myofascial dehiscences, besides 
others, may result in postoperative pain. So far it is unknown 
whether patients can affect the prevalence of myofascial 
dehiscences by adapted motion behaviors. Consequently, this study 
aimed to analyze, how much daily activities, patients routinely do 
following surgery, mechanically stress muscles and fascias in the 
upper thoracic spine. Moreover, we strived to evaluate possible 
reduction of myofascial activity using electromyography (EMG) 
Material / Methods: This study was approved by the local ethics 
committee  We chose  healthy volunteers 
without prior spine surgery. Surface EMG was applied next to the 
upper thoracic spine at the trapezius muscle. All volunteers were 
performing 22 different daily activities / tasks, i.e. toothbrushing, 
dressing, standing up and different horizontal positions. During the 
exercises, we measured the electromyographic activity. RMS (root 
mean square) values were graded as to their amount for each 
healthy volunteer. Afterwards the individual rankings were 
statistically compared interindividually. Additionally, we 
performed a descriptive analysis. Statistical analysis was done 
using anova, cross tables and qui-square-test. 
Results: We did examine 14 women and 14 men (age: 30 ± 2 
Jahre; BMI: 23 ± 2 kg/m²). Tasks often presented with significant 
differences of the RMS values. Figure 1 demonstrates the average 
ranking of the 22 tasks tested. Different horizontal positions all 
presented with significant less muscle activation compared to all 
other exercises (p  0,001). All exercises were repeated with the 
use of a clavicular bandage to dorsalize the shoulders. We did not 
find electromyographic differences in between the tasks with and 
without the bandage. 
Discussion: The first in-vivo results of cervicothoracic muscle 
activity demonstrate that myofascial strain is different in between 
various daily activities. Postoperative protocols for mobilization 
and also behavioral instructions may have high potential to reduce 
the risk of postoperative myofascial dehiscences and therefore may 
reduce revision rates and complication rates.  
 

Fig. 1 
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Adrenoceptor expression in degenerated lumbar disc tissue as 
new therapeutic approach? 
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Introduction: Despite intense research the etiology of 
intervertebral disc degeneration remain unclear [1]. Recent studies 
revealed that norepinephrine (NE), a major neurotransmitter of the 
sympathetic nervous system, plays a role in the insufficient 
regeneration of articular cartilage tissue [2]. It is known that 
healthy and degenerated intervertebral discs (IVD) are innervated 
by sympathetic nerve fibers [3] and that adrenoceptors are present 
in degenerated IVDs [4]. The aim of the present study is to 
correlate AR expression with clinical parameters of patients to 
identify potential targets for new therapeutic options. 
Materials/Methods: Samples of degenerated human IVDs (n=43) 
were collected from patients undergoing spondylodesis. The degree 
of degeneration in anonymized samples was determined 
intraoperatively and radiologically. Expression of all known AR 
subtypes was evaluated by PCR in IVD tissue homogenates and in 
isolated IVD cells. Furthermore, human IVD samples were stained 
immunohistochemically for AR proteins. Dimethylmethylene blue 
staining was used to visualize proteoglycans and tissue structure. 
Finally, clinical parameters of the patients were collected and 
correlated with AR expression. 
Results: In human IVD homogenates 1A-, 1B-, 2A-, 2B-, 

2C-, 1-, and 2-ARs genes were expressed. Significant 
differences in the expression of 1A-, 2A- and 2-ARs were 
detected between low degenerated (Pfirrmann II and III; n =  
and high degenerated (Pfirrmann IV and V; n = 27) disc tissues. In 
contrast, 1A-AR expression was significantly decreased in IVD 
tissue of patients with adjacent segment disease after spinal fusion 
surgery (p=0.041). Preoperative use of beta blockers was 
associated with significantly decreased relative 1A- and 2-AR 
expression in degenerated disc tissue. Interestingly, preoperative 
use of NSAIDs was associated with significantly increased 2-AR 
expression. 
Discussion: We were able to correlate the expression of ARs in 
degenerated disc tissue with the radiological degree of 
degeneration and the clinical data of the patients. The correlation 
between AR expression and radiological degree of degeneration as 
well as the preoperative medication of the respective patients 
supports the hypothesis that the sympathetic nervous system may 
play a role in the development and pathogenesis of IVD. Further 
investigation of the AR expression may contribute to the 
development of new therapeutic options for disc degeneration. 
References: 
[1] Martirosyan NL et al. (2016) Front Surg 3:  
[2] Grässel S et al. (2017) The Sensory and Sympathetic Nervous 
System in Cartilage Physiology and Pathophysiology in Cartilage: 
Volume 2: Pathophysiology, Cham: Springer International 
Publishing p.191-227. 
[3] Tomaszewski KA et al.  Folia Morphol 74: -  
[4] Kupka J et al. Adrenoceptor Expression during Intervertebral 
Disc Degeneration. Int J Mol Sci. 2020 Mar   
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4UniversitätsSpital Zürich, Neuroradiologie, Zürich, Switzerland 
UniversitätsSpital Zürich, Rheumatologie, Zürich, Switzerland 

Background: Establishing a diagnosis in patients with low back 
pain remains a challenge. Magnetic resonance imaging (MRI) is 
widely used to detect degenerative changes of the lumbar spine. 
Applying artificial intelligence, several attempts have been made to 
obtain higher accuracy, consistency and objectivity in the 
classification of degenerative findings on MRI. A recently 
developed machine-learning based software (MLS), has been 
shown to perform a promising automated analysis of several 
degenerative features compared to a radiologist"s ratings. This 
study aimed to externally validate the ratings of this system against 
those of an expert radiologist using a large set of data from a cohort 
of patients with degenerative spinal disorders. 
Method: MRIs of  patients with spinal disorders from two 
previous prospective trials (mean age 72 ±  years) carried out in 
our spine center between 2011 and 2019, were analyzed by an 
expert radiologist. Lumbar segments (L1 – S1) were graded 
according to a defined protocol for the parameters Pfirrmann 
Grading (PG), Spondylolisthesis (SL) and Central Canal Stenosis 
(CCS). The analysis from MLS for the equivalent parameters was 
generated from sagittal T2 series of the same MRI studies. Inter-
rater agreement was calculated with quadratic weighted kappa (k) 
coefficient for every segment and over all vertebral levels. 
Additionally, class average accuracy (CAA) and Spearman rank 
(rho) correlation coefficient were analyzed. 
Results: 4410 lumbar segments were analyzed. Kappa statistics 
showed moderate to substantial agreement in PG between the 
radiologist and MLS, depending on spinal level (k 0.63-0.77, 
overall k 0.72; mean CAA  rho 0.64-0.79). Slight to 
substantial agreement, depending on spinal level, was observed in 
the grading of CCS (k 0.17-  overall k 0.60; mean CAA 33%; 
rho 0.32-0.74) and SL (k 0.07-0.60, overall k 0.63; mean CAA 

 rho 0.13-0.64). The main trend was that MLS tended to 
record more pathological features in PG than did the radiologist 
whereas the contrary was the case for CCS. SL showed an even 
distribution between both methods without systematically under- or 
overrating degenerative features. 
Conclusion: This automated system is a useful and reliable tool 
with the ability to grade degenerative features such as PG, SL or 
CCS in lumbar MRIs with moderate to substantial agreement 
compared to the current gold-standard of an expert radiologist. It 
can be considered as a valuable alternative for analyzing MRIs 
from large cohorts of patients for diagnostic purposes and further 
research.  
 
V 36 
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degradation by human anulus fibrosus cells exposed to 
mechanical stress and inflammatory conditions 
G. Q. Teixeira1, R. M. Goncalves1,2,3, A. Ignatius1, H. J. Wilke1, 
*C. Neidlinger-Wilke1 
1Institute of Orthopaedic Research and Biomechanics, Ulm 
University, Ulm, Germany 
2Instituto de Investigação e Inovação em Saúde/Instituto de 
Engenharia Biomédica (i3S/INEB), University of Porto, Porto, 
Portugal 
3Instituto de Ciências Biomédicas Abel Salazar, University of 
Porto, Porto, Portugal 

Objective: Cell therapies for the treatment of discogenic back pain 
using mesenchymal stem/stromal cells (MSCs) rely on a paracrine 

mechanism and could therefore be replaced by cell-free approaches 
using only the secretome of MSCs. It has been previously shown 
that IL-1 -preconditioned MSC secretome has an anti-
inflammatory effect and enhances aggrecan formation in bovine 
disc organ cultures1. Hence, we hypothesize that IL-1 -pretreated 
MSC secretome may reduce matrix degradation by human annulus 
fibrosus (AF) cells under the influence of mechanical stress and 
inflammatory conditions. 
Material/Methods: AF cells were isolated from human discs from 
patients with adolescent idiopathic scoliosis (AIS, n=6) or disc 
degeneration (DD, n=6, Pfirrmann grade IV-V) and exposed to 
high-physiological cyclic tensile strain (CTS, 2% stretching at 1 
Hz, 3h/day) for 3 days in a custom-made device2, with or without 
10 ng/mL IL-1  medium supplementation. AF cells stimulated 
with -1  were then treated with IL-1 -preconditioned 
MSC secretome. The secretome was produced by MSC (n=3) 
cultured with 10 ng/mL IL-1  medium supplementation for 2 days. 
AF cells were analyzed for metabolic activity, gene expression, 
prostaglandin E2 (PGE2) secretion, metalloproteases (MMPs) 
activity and tissue-inhibitors of metalloproteases (TIMPs) 
production. Statistics: Non-parametric unpaired Mann-Whitney 
test was used to compare AIS and DD samples. Non-parametric 
paired Friedmann test followed by Dunn"s multiple comparison 
test was used to compare the effect of the different stimuli and 
MSC secretome on AF cells.  
Results: The metabolic activity and gene expression profile of AF 
cells did not show significant differences between AIS and DD 
patients. The CTS stimulation of AF cells up-regulated COL1A1 
expression in comparison to unstimulated cells  whereas 
IL-1  medium supplementation significantly up-regulated IL-6, IL-
8, MMP1, MMP3expression and PGE2 production  The 
combination of -1  had a similar outcome on AF cells as 
IL-1  alone. The secretome did not shown an anti-inflammatory 
effect on -1 -stimulated AF cells but significantly 
decreased the expression of MMP1 (P<0.0  and MMP3 (P=0.07) 
and the production of active-MMP9 (P=0.06), while increasing the 
production of TIMP1  in comparison to the -1 -
stimulated group. 
Conclusion: The results showed that pro-inflammatory conditions 
have a stronger catabolic effect on AF cells than mechanical stress. 
Moreover, the results suggest that the IL-1 -pre-conditioned MSC 
secretome modulates MMPs expression/production by AF cells 
decreasing matrix degradation, thereby having the potential to 
reduce the progression of AF tissue weakening.  
References: 1. Ferreira et al., 2021; 2. Neidlinger-Wilke et al., 
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Introduction: Currently, there is no established cell-based therapy 
to slow down the progression of degenerative disc disease (DDD). 
Autologous nasal chondrocytes (NCs) could be an excellent source 
for nucleus pulposus (NP) repair/regeneration. Indeed, NC possess 
large cartilage-regenerative capacity and survive in harsh NP 
microenvironment better than traditionally used MSCs. We aim 
this study at analysing the therapeutic potential of NC spheroids 
(NCS) namely their capacity for injectability, matrix accumulation, 
and integration potential in conditions simulating DDD. 
Material & Methods: Human NCS  were fabricated in two 
types of medium (growth or chondrogenic) for 1-7 days. NCS size, 
shape, injectability, elastic modulus, biochemical content, and 
gene/protein expression were evaluated at several time points. 
Human NP cells were cultured as spheroids (NPS) for up to 14 
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days (n=3). NCS-NPS fusion kinetics and viability were
determined in DDD-mimicking conditions (inflammation, hypoxia,
acidity, low glucose). The effect of NCS injection through a
clinically relevant spinal needle (22G) into an ex vivo cultured
bovine intervertebral disc (IVD) were investigated.
Results: Non-adhesive technology allowed the fabrication of NCS
compatible with a spinal needle (22G). While growth medium
ensured stable elastic modulus (E, kPa), chondrogenic medium
time-dependently increased E of NCS in correlation with
gene/protein expression of collagen Neither NCS-NPS
fusion, nor viability, were impaired by the DDD mimicking
conditions. The injection into the bovine IVD did not disrupt the
structural integrity of the NCS.
Conclusion: Our data indicate that NCs cultured as spheroids can
produce NP-compatible matrix, develop biomechanical properties
similar to NP tissue, and possess the capacity to integrate within
degenerated NP microenvironment. Moreover, specific NCS
properties are potentially tunable by culture supplements. These
results need to be verified in a whole disc organ culture bioreactor,
towards demonstration of the functionality of NC for NP repair.

V 38 
Vertebral osteomyelitis is characterized by increased
RANK/OPG and RANKL/OPG expression ratios in vertebral
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Vertebral osteomyelitis (VO) is an infection of the spine mostly
caused by bacterial pathogens. The pathogenesis leading to
destruction of intervertebral discs (IVD) and adjacent vertebral
bodies (VB) is poorly described. We aimed to investigate the
connection between infection, bone- and disc-metabolism in VO
patients.
Patients with VO (infection group) and patients with incomplete
burst fractures of the spine (fracture group as controls) were
included prospectively. Demographic data, treatment details,
laboratory infection markers, and patient-reported outcome in
terms of the Core outcome measures index (COMI) and the
Oswestry disability index (ODI) were assessed. Tissue biopsies
from affected IVDs and adjacent VBs were analyzed for mRNA-
expression levels of target genes including chemokines,
adipokines and genes involved in bone-metabolism by RT-qPCR.

patients were included in the study (n=14 infection group and
n=14 fracture group). Staphylococcus aureus was the most
frequently identified pathogen (n = Patients in the
infection group were followed for ± months. The mean
ODI and COMI improved significantly from preoperative values to
the follow-up in the infection and in the fracture group (both 
p<0.01, respectivley). The Receptor activator of NF-

B/Osteoprotegerin (RANK/OPG) expression ratio was elevated in
VB and IVD of the infection group (both The RANK-
ligand (RANKL)/OPG expression ratio was elevated in VB of the
infection group (p<0.01). Expression of the chemokine IL8 was
significantly higher in VB samples of the infection group 
The expression of the pro-inflammatroy adipokine leptin was
significantly higher in IVD tissue, the mRNA expression of the
anti-inflammatory adipokines omentin and resistin was
significantly lower in in VBs of the infection group (each
OPG mRNA expression was significantly lower in infected VBs
compared to the fracture group (both 
The regulation of the RANK/RANKL/OPG system can be suggested 
to be a key pathomechanism in the destruction of bone and disc

tissue in human pyogenic VO. A shift in the adipokine profile in
VO most likely regulates the pro- and anti- inflammatory pathways
that eventually favor degradation of VB and IVD alike. For the
first time we identified common mechanisms for the pathogenesis
of destruction of VBs and IVDs in VO patients and thereby
provided potential future research approaches to develop tailored
diagnostic and therapeutic methods targeting the
RANK/RANKL/OPG axis and related mediators.

Fig. 1

Fig. 2
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Introduction: This study investigated supra- and infratentorial
structural gray and white matter (GM, WM) alterations in patients
with degenerative cervical myelopathy (DCM) as an indicator of 
secondary harm due to chronic cervical cord compression and
micro traumata.
Material/Methods: With MRI-based anatomical assessment and
subsequent voxel-based morphometry analyses, pre- and
postoperative volume alterations in the primary motor cortex (MI),
the primary somatosensory cortex (SI), the supplementary motor
area (SMA), and the cerebellum were analyzed in 43 DCM patients
and 20 controls. Disease-related symptom severity was assessed by
the modified Japanese Orthopedic Association scale (mJOA).
Symptom severity-based brain volume alterations were explored,
as well as their association with the clinical status.
Results: Patients had lower mJOA scores (p<.001) and lower GM
volume than controls in SI (p and cerebellar regions (p<.001).
Symptom severity-based subgroup analyses revealed volume
reductions across all investigated GM ROIs in patients with severe
clinical symptoms (all p as well as already present atrophy in
patients with moderate symptom severity (p< Clinical
symptoms in DCM were associated with cortical and cerebellar
volume reduction.
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Discussion: GM volume alterations may serve as an indicator of 
both disease severity and ongoing disease progression in DCM and
should be considered in further patient care and treatment
monitoring.
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Objectives: Current classifications systems for osteoporotic
fractures of the pelvis (OFP) have some limitations in respect to the
meaning of MRI findings and inter- and intra rater reliability
(interRR and intraRR). Considering the increasing incidences of 
OFP, it seems worthwhile to develop a more reliable diagnostic
tool for the classification of OFP.
Material and Methods: Initially the state of the art for
classification of pelvic fractures was analyzed. A structured
procedure involving three iterative steps, including five meetings
and one evaluation each, lead to a consensus among approximate
30 German-speaking spinal and pelvic trauma experts, resulting in
the OF-Pelvis classification. For evaluation of the inter- and
intraRR of the final draft, experienced trauma and orthopedic
surgeons categorized anonymized cases using X-ray, CT and
MRI scans twice via online surveys. The cases were presented in
random order in the second survey. While 13 of the raters were
also involved in developing the OF-Pelvis (developing raters
[DR]), user raters (UR) were not deeply involved in the
development process. To assess the interRR of the OF-Pelvis
categories, Fleiss" kappa ( F) was calculated for each survey. The
intraRR for both surveys was calculated for each rater using
Kendall"s tau ( K). The presence of a modifier was calculated with

F for interRR and Cohen"s kappa ( C) for intraRR.
Results: The OF-Pelvis consists of five categories and three
modifiers. Instability increases from category 1 (OF1) to
and by a given modifier (Table 1 and Picture 1). In both surveys,
the interRR for subgroups was substantial: F = 0.764 (Survey 1) 
and F = 0.790 (Survey 2). The interRR of the DR and UR was
nearly on par ( F Survey 1/Survey 2: DR UR

The agreement for each of the five subgroups was
also strong ( F min.–max. Survey 1/Survey 2: – –

The existence of at least one modifier was rated with
substantial agreement ( FSurvey 1/Survey 2: 0.646/0.629). The
intraRR for subgroups showed almost perfect agreement ( K =

DR: K = 0.901, UR: K = The modifier had an
intraRR of C = (DR: C = 0.723, UR: C = which is
also considered substantial.
Conclusion: The OF Pelvis is a result of an iterative process. It
considers MRI-findings and reveals a substantial interRR and
almost perfect intraRR. The OF Pelvis seems to bee advantageous

to other available classifications of OFP. The missing difference
between experienced and untrained rater suggests a steep learning
curve with marginal experience bias. Further research is needed to
investigate the clinical and scientific impact of the OF Pelvis. It
seems to be a valid fundament for an indication for treatment score.
Figure 1: Localization of edema in OF1 and fractures in OF 2 –

Continuous lines are variants of inevitable localizations while
broken lines are facultative.

Fig. 1

Fig. 2
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Does cement augmentation of the sacroiliac screw lead to 
superior biomechanical results for fixation of the posterior
pelvic ring?
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2AO Research Institute Davos (ARI), Davos, Switzerland

Introduction: Percutaneous iliosacral screw (SI-screw) is widely
accepted as standard of care treatment of posterior ring fractures.
However, SI-screw loosening occurs in up to 20% [1]. The
augmented SI-screw is a safe treatment option [2]. The aim of the
present study was to evaluate whether cement augmentation of the
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SI-screw leads to superior results compared to the standard SI-
screw without augmentation and to two SI-screws placed in S1 and
S2 bodies.
Methods: Unstable fractures of the pelvic ring (AO 61-C1.3, FFP
IIc) were simulated in 21 artificial pelvises. A supra-acetabular
external fixator was applied to address the anterior fracture. The
pelvises were assigned to three study groups for fixation using
either a standard SI-screw without augmentation (group 1), two SI-
screws (group 2) and an augmented SI-screw (group 3). The
specimens were tested under progressively increasing cyclic
loading. Fracture site displacement and cycles to failure were
evaluated. Based on data distribution for multiple comparison,
either the ANOVA-Test or the Kruskal-Wallis-Test with
Bonferroni correction were performed,
Results: Fracture displacement after cycles was significantly
less in group 3 (Median 0.76cm, Interquartile Range 0.30cm)
compared to group 1 (Median 1.42cm, Interquartile Range
0.21cm), p=0.047. No significant differences were detected
between the group 1 compared to group 2 (Median 1.42cm,
Interquartile Range 1.66cm), p=1.00 or between the group 2 
compared to group 3, p=0.077. Fracture displacement after 1000 
cycles was significantly less in group 3 (Median 
Interquartile Range 0.37cm) compared to group 1 (Median 2.19cm,
Interquartile Range 2.39cm), p=0.04, and compared to group 2 
(Median 2.23cm, Interquartile Range p=0.02. No
significant difference was observed between group 1 and group 2,
p=1.00. Cycles to failure (group 1: 3930 cycles ± group 2:
3676 cycles ± SD, group 3: 3764 cycles SD) did not
differ significantly between the groups, p=0.79.
Discussion: In the present study augmentation of the SI-screw was
biomechanically superior over the standard SI-screw and the S1-
S2-screw. The firm anchorage of the washer of the SI-screw at the
lateral aspect of the Os ilium and the additional firm anchorage of 
the cement augmentation of the SI-screw reduce the lever-arm
mechanism and lead to a more stable fixation.
References: [1] Kim J-W, Oh C-W, Oh J-K, et al. The incidence
of and factors affecting iliosacral screw loosening in pelvic ring
injury. Arch Orthop Trauma Surg 2016; 136(7): 921–7 
[https://doi.org/10.1007/s00402-016-2471-3][PMID:
[2] Hartensuer R, Lodde MF, Keller J, et al. Safety, Effect and 
Feasibility of Percutaneous SI-Screw with and without
Augmentation-A -Year Retrospective Analysis on over 640
Screws. J Clin Med 2020;

Figure 1: Boxplots showing displacement at 1000 cycles.

Fig. 1
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Introduction: The evaluation of the therapy score and therapy
recommendation for osteoporotic thoracolumbar fractures
(EOFTT-Study) intends to evaluate the OF-Score (therapeutical
decision making tool) in regard to the chosen form of treatment and
their clinical outcome. The OF-Score is based on the OF-
Classification including clinical aspects and recommends a therapy
for osteoporotic thoracolumbar vertebral fractures (OF) (0-
conservative treatment, 6 indifferent, 7- operative treatment).
Material and Methods: The data was collected prospectively in a
multicenter study. During the course of treatment, the OF-Score
and the choice of treatment were documented as well as the
Oswestry Disability Index (ODI), Timed up"n Go Test (TuG),
intensity of pain (VAS) and the subjective health status (sHS) as an
VAS 0-100 at the day of treatment decision (dTD) and for the
follow up dates (FU). The OF-Score was analyzed using the
positive and negative predictive values (PPV, NPV) in addition to
the sensitivity and specificity regarding the actual choice of 
therapy. The main groups, consisting of conservative, indifferent
and operative recommendation, were further split into subgroups
for OF-conform or OF-non conform treatment. The post hoc paired
comparisons were established with the upper and lower borders of 
the confidence interval. Non-overlapping confidence intervals
indicate a significant difference. The variance explanation of the
variables used in the OF Score, with respect to the therapy
performed, was examined by logistic regression.
Results: We collected data from 494 patients and were able to
include of those. were treated according to the OF-Score.
The mean FU was at 3±1 months. The PPV, NPV, Sensitivity and
Specificity are given in Table 1. Image 1 presents the TuG

VAS (N=403), and ODI for the six
subgroups at dTD and FU. If the pain was rated > 6 (VAS) and the
sHS and if the.TuG is < 21s treatment is more likely
conservative, contrary to the recommendation. The outcome
parameters of subgroups did not differ significantly at FU. The
logistic regression reached a variance explanation of 
rightfully predicted treatment courses.
Discussion: The conservative and surgical therapy of osteoporotic
thoracolumbar fractures leads to a significant improvement of
outcome parameters. The high variance explanation by the
variables of the OF score shows that they are suitable to justify a
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therapy decision. The OF score allows to predict the performed 
therapy with substantial accuracy and is therefore a valid clinical
tool for therapy planning for OF.
Image 1: Timed up"n Go (TuG), subjective Health status ( -

sHS), Pain (VAS0-10) and Oswestry Disability Index (ODI) at
day of treatment decision and follow up, separated in
recommendation of OF-Score and conformity of treatment

Fig. 1

Fig. 2g
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Biomechanical comparison of long segmental dorsal
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Purpose: The goal of this study is to compare the construct
stability of long segmental dorsal stabilization in unstable
midthoracic osteoporotic fractures with complete pedicle screw
cement augmentation (ComPSCA) versus restricted pedicle screw
cement augmentation (ResPSCA) of the most cranial and caudal
pedicle screws under cyclic loading.
Methods: Twelve fresh frozen human cadaveric specimens (Th4–
Th10) from individuals aged 70 years and older were tested in a
biomechanical cadaver study. All specimens received a DEXA
scan and computer tomography (CT) scan prior to testing. All
specimens were matched into pairs. These pairs were randomized
into the ComPSCA group and ResPSCA group. An unstable Th7
fracture was simulated. Periodic bending in flexion direction with a
torque of Nm and cycles was applied. Markers were
applied to the vertebral bodies to measure segmental movement.
After testing, a CT scan of all specimens was performed.

Results: The mean age of the specimens was years (range: 74
to 101). The mean T-score was -3.6 (range: - to - Implant
failure was visible in three specimens, two of the ComPSCA group 
and one of the ResPSCA group, affecting only one pedicle screw in
each case. Slightly higher segmental movement could be evaluated
in these three specimens. No further statistically significant
differences were observed between the study groups.
Conclusions: The construct stability under cyclic loading in
flexion direction of long segmental posterior stabilization of an
unstable osteoporotic midthoracic fracture using ResPSCA is
comparable to ComPSCA. Thus, a limited augmentation strategy
might be sufficient helping to reduce surgery time, radiation 
exposure and limiting the complication rate.
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of unstable osteoporotic spinal fractures: the impact of spine
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Introduction: Minimal invasive hybrid stabilization (MIHS) is
considered as a feasible treatment method for unstable osteoporotic
fractures of the spine. The impact of fracture localization on long-
term outcome, however, is unclear. We hypothesized that fracture
level, due to specific segmental characteristics, affects outcome
upon hybrid stabilization for osteoporotic spinal fractures.
Methods: Adult patients treated by MIHS in our level one spine
center for osteoporotic fractures of the lumbar and thoracic spine
were prospectively enrolled between and 
Patients with multilevel fractures have been excluded. Individuals
were grouped based on fracture location. The following groups
were composed: Gr. THORacic: single fracture above Th11. Group
T(horaco)L(umbar) included patients with fractures of vertebral
body Th11- L2. Finally, patients with fractures of L3, L4 and 
were selected for Gr. LUM (bar). Trauma and patient
characteristics as well as clinical and radiological outcome was
documented and compared during a follow-up period of 12-
months.
Results: A total of 73 patients female) with a median age of
79.9 years have been included. No statistically significant
differences in baseline patient characteristics have been
encountered. Five operations took longer than 120 minutes and in
only 1 patient overall intra-operative blood loss exceeded A
median Hospital-LOS of 9 days (IQR: 7-14) was encountered. In-
hospital complication rates and hospitalization time did not differ 
statistical significantly between groups. 12-months loss of
reduction, defined as the absolute decrease of the alpha-angle was
most prominent in thoracolumbal fractures and statistical
significantly more profound than thoracic fractures
Moderate loss of reduction was found in patients treated for lumbar
fractures. Moreover, twelve months after surgery, EQ- -scores
and VAS-levels did not differ statistically significant between
groups. However, COMI-back was significantly higher in patients
with lumbar fractures than other groups (7.1 ± vs. Gr. TL: 4.7 ±
2.7 and Gr. THOR: 3.0 ± 2.2;
Conclusion: Minimal invasive hybrid stabilization is a safe
treatment option for single level unstable osteoporotic spinal
fractures. Fracture level does not affect in-hospital complication
rates nor duration of hospital stay. However, fracture segmentation
does affect long-term outcome. More specifically, fractures of the
thoracolumbar spine are associated with more profound 
radiological reduction loss after one year. Even more interestingly,
lumbar fractures are, despite moderate reduction loss, associated
with more prominently impaired functional outcome. Therefore,
upcoming studies on optimization of patient selection criteria for 
MIHS should specifically focus on fracture levels and spinal
segmentation.
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Validation of the Thoracolumbar Injury Classification and 
Severity Score (TLICS) and the AOSpine Injury Score in 
pediatric traumatic spinal fractures 
*F. Schömig1, H. Kalaf1, N. Taheri1, M. Muellner1, L. Becker1, M. 
Pumberger1 
1Charité - Universitätsmedizin Berlin, Centrum für 
Muskuloskeletale Chirurgie, Berlin, Germany 

Introduction: Fractures of the thoracolumbar spine are rare in 
children, which is why there are no classification systems 
established for these types of injuries. In the surgical management 
of spinal fractures of adults, both the Thoracolumbar Injury 
Classification and Severity Score (TLICS) and the AOSpine Injury 
Score are widely accepted classification systems. Our study"s aim 
therefore was to analyze both scores" validity in pediatric patients 
with a traumatic fracture of the thoracolumbar spine. 
Material/Methods: We retrospectively included patients younger 
than  with a traumatic fracture of the thoracolumbar spine, who 
presented at our large academic trauma center between January 
2010 and December 2020. Both the TLICS and the AOSpine Injury 
score were calculated using plain radiography, magnetic resonance 
imaging, and/or computed tomography. Surgery was performed in 
case of an injury of the posterior ligamentous complex, posterior 
wall recession with an intracanal fragment, or imminent kyphosis. 
Results: A total of 60 patients with 167 fractures and a mean age 
of 13.1±3.9 years were included,  of which were female. Most 
common trauma mechanism were falls (73.3%), followed by traffic 
accidents (23.3%) and sports injuries (3.3%). Most common 
concomitant injuries were head injuries (46.7%) followed by 
thoracic  and abdominal (31.7%) injuries. Table 1 shows 
the included patients' demographic data. Fourteen patients (23.3%) 
were treated surgically. TLICS and AOSpine injury score per 
patient and performed treatment are shown in Table 2. 
Contingency table analysis yielded a sensitivity of 1.00 and 
specificity of  for the TLICS and a sensitivity of 1.00 and 
specificity of 0.94 for the AOSpine injury score in predicting the 
performed treatment. Spearman correlation analysis showed a 
significant correlation between the TLICS and AOSpine injury 
score  p<0.001). 
Discussion: Both the TLICS and the AOSpine injury score are 
valid classification systems for determining whether conservative 
or surgical treatment is indicated in thoracolumbar spinal fractures 
in the pediatric population. Furthermore, we substantiate 
convergence of the AOSpine injury score to the TLICS. Both 
classification systems therefore are appropriate in determining 
adequate treatment of traumatic thoracolumbar fractures in 
children. 
 
Fig. 1 

 

Fig. 2 
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Introduction: Routine surgical treatment of thoracic and lumbar 
spine injuries has a recent history, which is why standardized 
procedures are the subject of current debate. It is generally 
accepted that long-term studies are indispensable and essential to 
compare and improve the different surgical indications and 
methods under discussion. The aim of this study is to compare 
medium- and long-term follow-up results in the context of a 
prospective cohort study. 
Methods: From 2002 to 2003,  patients with thoracolumbar 
spine injury, who had received surgical treatment were 
prospectively recorded and included in the multicenter study II 
(MCSII) of the working group spine of the German Trauma 
Society. During the study, a follow-up was performed after  
months (FU1). A further follow-up according to the multicenter 
study protocol was performed after 14±1 years postoperatively 
(FU2). Additionally, a validated quality of life questionnaire, the 
SF-12, was used. 
Results: Follow-up was available for 66% of patients (42 of 64 
patients), 13 of which were women, 29 men. The mean age at the 
time of surgery was 40±14 years. 29 of the 42 injuries involved the 
thoracolumbar junction, followed by 9 in the lumbar spine and 4 in 
the thoracic spine. The distribution of fracture types according to 
the classification by Magerl et al. was:  type A,  type B and 9 
type C injuries. 10 patients presented with neurological deficits on 
admission (1x ASIA A, 9x ASIA B-D). 6 elderly patients 
underwent surgical treatment by kypho-/vertebroplasty. 10 patients 
received isolated dorsal treatment,  a combined dorsoventral 
treatment. Isolated ventral treatment was performed once using a 
cage and a plate system. Of the patients with combined treatment, 
23 received vertebral body replacement, of which 6 were stabilized 
with an additional ventral plate, twice an autologous cancellous 
bone chip was transplanted. 
After surgery the traumatic kyphotic malalignment, measured as 
the difference in bisegmental superior-inferior endplate angle 
before and after treatment, improved by 7.3±7,1°. Correction loss 
at FU1 averaged 6.7±7,4°, and  at FU2 compared to 
postoperatively. The mean preoperative pain score was 90±20, at 
FU1  and at FU2 67±26. Finger-to-floor distance 
measurements averaged  at FU1 and  at 
FU2. The Physical/ Mental Component Summary of the SF-12 
averaged 42.6±11,7 and  respectively. 
Conclusions: The statistically non-significant radiological 
correction loss of 1.3° between the follow-ups indicates that there 
is no relevant change in the sagittal spine profile after 1-2 years 
postoperatively. The subjective back function at follow-up does not 
correspond to the preoperative values, but there was no statistically 
significant deterioration between the follow-up examinations. The 
SF-12 shows that despite significant spinal trauma, this population 
is not equivalent to patients with chronic lumbar back pain.  
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Background: Posterior spinal fusion (PSF) is commonly regarded 
as the gold standard for surgical correction of adolescent idiopathic 
scoliosis (AIS). Postoperative morbidity and limited mobility are 
contrasted by continuously decreasing lengths of stay and 
increasing cost constraints. Fast-track treatment (FTT) pathways 
are expected to reduce postoperative morbidity, lead to faster 
recovery, and ideally provide safe patient care at the same time. In 
Germany, the effects of FTT on AIS have not yet been evaluated. 
The aim of the present study was to analyze the effects of FTT on 
feasibility, postoperative pain level, and hospital length of stay on 
AIS undergoing elective PSF. 
Material/Methods: Key elements of FTT were extended 
preoperative patient and family education, shortened preoperative 
fasting time with carbohydrate loading, forced postoperative 
mobilization and transition to normal diet, and defined treatment 
milestones. From Mar-Oct 2020, all AIS with PSF were treated 
with FTT and were prospectively collected in a monocenter setting. 
Subsequently, a match-pair analysis was performed with AIS 
treated with PSF and conventional treatment pathway (CTP) in 
2010-2019. Primary endpoints: mean daily pain level, 
postoperative and total inpatient hospital stay. Secondary 
endpoints: Time to reach defined milestones, total opiate dose, 
impact on postoperative complications. Data as mean ± standard 
deviation, differences compared by students t-test and Mann-
Whitney-U-test (significance level  
Results: 60 AIS (30 FTT/30 CTP) were included. There were no 
significant group differences regarding demographic data and pre- 
and postoperative cobb angles. The mean thoracic major curve 
correction was 74.1±10.7% in FTT vs. 71.3±11.3% in CTP. 
(p=0,4). Lumbar major curve was corrected by  in FTT 
and  in CTP (p=0.6). On average, the FTT had a 1.3 
day shorter postoperative inpatient stay than CTP  vs. 9.1 days 

 Total inpatient stay was also significantly reduced in FTT 
compared to CTP (9.3 vs.  days  There was no 
significant group difference in either reported pain intensity or 
daily dose of opiates on discharge day and complications. 
Discussion: The use of FTT after PSF for AIS is safe and shortens 
inpatient stay while maintaining clinical outcome. Hence, this 
justifies its use for postoperative treatment of deformities. Future 
studies should focus on examining wider cohorts as well as patient 
and family satisfaction. In addition, long-term treatment outcomes 
should be reflected.  
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Introduction: VBT was introduced for the treatment of idiopathic 
Scoliosis. It has been postulated that a convex tether will produce 
growth deceleration on the convex side allowing for relative 
growth acceleration on the concave side of the curve thus 
correcting the spine curvature with time in an immature patients 
according to the Volkmann-Huettter law. Long term data about the 
results and treatment protocolls are still lacking. 
Material and Methods: Retrospective x-rays and charts study on 
patients treated by means of VBT with follow-up longer than 12 
months. Paired student"s T-test was used for statistical evaluation. 
Surgical indication criteria were set as follows: 
Immature patients with idiopathic scoliosis in which brace 
treatment was ineffective.  

At least 2 years of growth remaining - Risser<2, Sanders 
Stadium< . Flexible curve correcting in side bending at least < 30° 
Results: The study group comprised 20 patients (6 male, 14 
female). All patients had an initial trial of brace treatment which 
failed. Mean age at surgery was 13,4 y (range -  y). Mean 
follow-up was 19 months (range 12-37). Main scoliosis curve 
angle before surgery was  (range 29-64°) and was reduced to 
20,3°(range 3-40°) immediately after surgery and to 23° (range -

 at latest follow-up. Curve correction averaged  and was 
statistically significant  Sagittal balance showed mean TK 
before surgery of 29,3 ° (range 21-42°) and LL of  (range 42-
60°) those remained unchanged after surgery and at latest follow-
up (29,7° for TK and 49,3° for LL respectively). Tear of the 
flexible tether was observed in 6 Patients (30%). Only one of the 
patients needed revision surgery for tether replacement. 
Overcorrection of the curve was observed in one patient and 
needed surgical release of the tether. No major complications 
occurred. None of the patients had subjective restriction of spinal 
motion on latest follow-up. All patients were able to participate in 
sports activities 3 Months after initial surgery. 
Discussion: VBT can be recommended as a motion preserving 
alternative to failed brace treatment in immature patients with 
idiopathic scoliosis. Anticipated curve correction averages  
Further curve correction by means of growth modulation is to be 
expected only in very immature patients - preadolescent or rapid 
early adolescent maturity stadium – corresponding to Sanders 
stadium  In patients with Sanders Stadium  at time of surgery 
curve correction remained stable at latest follow up. Estimated risk 
of rupture of the flexible tether is  per Year and increases with 
time. Significant residual growth is of utmost importance in order 
to achieve curve correction by means of growth modulation on the 
long term. The data will help to elucidate future treatment 
protocolls based on growth modulation. Limitations of the study 
are small patient group and short follow-up.  
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Germany 
4Hessing Klinik Augsburg, Wirbelsäulenzentrum, Augsburg, 
Germany 
University of Bern, ISPM, Bern, Switzerland 

6Hospital for Special Surgery, Spine Research, New York, United 
States 

Introduction: A nationwide deformity registry was introduced to 
generate a sufficient amount of data on surgical corrective 
procedures in spinal deformities in a prospective manner. 
Material/Methods: Prospectively collected data of a multicenter 
deformity registry. Inclusion criteria were patients with AIS 
younger than  years and an instrumented correction and fusion. 
Data were entered into the DWG registry (standard form and 
additional AIS and SRS 30 forms). Images were uploaded and 
measured by Surgimap/USA. Data analysis by the ISPM/Bern. In 
total,  pts. from  centres could be included (ø age  yrs) with 
4 centres including more than 10 pts. each. In 63% Lenke type I 
scoliosis, 41% lumbar modifier type A and in 39% type C, 71% 
were normokyphotic. 
Results: OR time was mostly reported with 2-3h (26,3%) and 3-4h 

 respectively. In  bloodloss was less than 1L. In 94% 
posterior approach,  pts. were treated anteriorly. In 93% all screw 
constructs with a screw density of  In 69% a  cobalt 
chrome rod was used on the concavity and in   titanium 
rod on the convexity. There were no severe intra- or postoperative 
complication reported. The primary curve measured preop. 63° and 
was corrected to 27° with a loss of correction of 1,4°  
correction). The secondary curve was corrected from 44° to 22° 
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(loss of correction 1,0°). Correction of the tilt of the LIV from 22° 
to 6°. The clavicle angle changed only minimally from preop. 2,7°
to at follow-up. An UIV of T4 or lower versus T3 or higher
did not have any influence on the shoulder level In the
group of primary thoracic curves those instrumented to L2 or lower
had a significantly higher preop. lumbar curve magnitude
versus with a significantly higher curve correction 

Preop. lumbar flexibility had no influence on the distal
fusion end. Thoracic kyphosis and lumbar lordosis
remained unchanged (preop 24° and - resp., at follow-up: 23°
and - resp.) with a pelvic incidence of Minimal flattening 
of the cervical lordosis from 14 auf 11°. The ribhump was
corrected from 17° to 10° (41% correction). reported they
looked better or much better and had less back pain than
preop.
Conclusion: A nationwide deformity registry enables a meaningful
collection of a large amount of data. There were no serious
complications reported. In the group of primary thoracic curves
extension of the fusion into the lumbar spine was noted in lumbar 
secondary curves >40°.

V 50 
Early functional outcome after spinal fusion surgery in
Adolescent Idiopathic Scoliosis: Do fusion levels and pain
matter?
*T. Ackermans1, M. Beeckman2, S. Schelfaut3, J. Michielsen4, P.
Moens3, L. Goubert2, F. Plasschaert
1KU Leuven, Institute for Orthopaedic Research and Training,
Leuven, Belgium
2Ghent University, Department of Experimental-Clinical and
Health Psychology, Gent, Belgium
3University Hospitals Leuven, Division of Orthopaedics, Leuven,
Belgium
4Antwerp University Hospital, Antwerpen, Belgium
Ghent University Hospital, Gent, Belgium

Background: Adolescent Idiopathic Scoliosis (AIS) is a growth
defect of the spine that primarily occurs in pre-pubertal children 
and is surgically treated when a curve exceeds The surgical
outcomes are evaluated through an assessment of 2D static
radiographs, clinical examination and questionnaires. Although, the
functional outcome (e.g. the return to daily activities) plays an
important role in the evaluation of treatment success for the patient,
no accurate predictions regarding the functional outcome can be
made by the surgeon.
Objective: To objectively measure the early postoperative
functional outcome and investigate whether the early functional
outcome is related to the fusion levels (i.e. upper instrumented
vertebra (UIV) and lowest instrumented vertebra (LIV)) or pain.
Additionally, to investigate the relation between the early
functional outcome and 1-year postoperative outcome.
Material/Methods: Eighty-three AIS patients (age: yrs)
were recruited pre-surgically from 4 different orthopedic units. At
three timepoints (T0: 1-3-week(s) preoperative; T1: 3 weeks
postoperative; T2: 6 weeks postoperative) the daily step count (SC)
obtained through an accelerometer (ActiGraphTM, USA)
was averaged over a period of seven consecutive days and the
average pain intensity was rated on an 11-point numerical rating
scale (0 = no pain, 10 = worst possible pain). In addition, the UIV
and LIV-score was determined based on the location of the specific
vertebra (e.g. UIV=T1 resulted in UIV-score=1). The 1-year
postoperative outcome was assessed through the Functional
Disability Inventory (FDI) and Pediatric Quality of Life Inventory
(PedsQL). A multivariate linear regression analysis was conducted
to identify the significant predictive variables for the postoperative
SC at T1 and T2. Finally, a Pearson correlation was executed to
investigate the relation between the SC and the FDI and PedsQL
scores 1-year postoperative.
Results: The multiple regression model at T1 revealed
that the SC at T1 could not be predicted by the LIV-score, UIV-
score or avg. pain at T1 (Table 1). Similar to T1, the
multiple regression model at T2 revealed that the SC at
T2 could not be predicted by the LIV-score, UIV-score or avg. pain
at T2 (p > (Table 1). Finally, the 1-year postoperative

FedsQL or FDI was not related to the SC at T1 -0.320) or 
T2 (p=0.134-
Conclusion: The present study highlights that the early functional
outcome in terms of the SC was neither related to the fusion levels
or pain intensity nor related to the 1-year postoperative outcome
(FDI or FedsQL). This could suggest that the surgeon is presently
unable to make accurate predictions regarding the early functional
outcome. Moreover, the lack of early functional information might
also prevent the surgeon from identifying the specific deficits in
the patient"s unique functional profile that need to be targeted by
rehabilitation treatment.

Fig. 1g

V 51 
Evaluation of Artificial Intelligence based image analysis of 
sagittal profile
*J. Löchel1, M. Putzier1, M. Dreischarf2, P. Grover2, K. Labbus1,
R. Zahn1

1Charité - Universitätsmedizin Berlin, Centrum für
Muskuloskeletale Chirurgie, Berlin, Germany
2RAYLYTIC, Medical Data Automation, Leipzig, Germany

Introduction: Artificial intelligence (AI) is a key technology in
automatized image analysis and a hot topic of musculoskeletal
research with regard to the analysis of radiologic parameters.
Material and Methods: The aim of this study was to investigate
the precision of a machine learning based AI algorithm
(RAYLYTIC, Medical Data Automation, Leipzig, Germany) for
spinopelvic and sagittal parameters. The sagittal parameters
(sagittal vertical axis, lumbar lordosis, sacral slope and pelvic
incidence) were measured in 141 lateral full spine radiographs by
two investigators. The measurement accuracy and variability were
compared to those of the AI. Patients with prior spinal
instrumentation and after total hip arthroplasty were also included
in this study.
Results: The inter- and intraobserver reliability of the manual
measurements showed a correlation between – 0.93. The
comparison of manual and AI acquired parameters (sagittal vertical
axis, lumbar lordosis, sacral slope and pelvic incidence) showed
high correlation values (0.76 – 0.92). The measurement accuracy
was not affected in presence of spinal implants and total hip
arthroplasty.
Discussion: AI based image analysis allows for reliable evaluation
of the sagittal profile and spinopelvic parameters.
Beside time saving it can provide quality control in image analysis.
The clinical relevance in the analysis of spinopelvic and sagittal
parameters keeps increasing.

V 52 
Sacroiliac joint displacement after iliac or S2-alar-iliac screw
insertion is larger than physiological movement: a CT study
*A. Zolal1, M. Paulik1, W. Tallak1, M. Saker1, T. Vebr1,
J. Silbermann1

1SRH Waldklinikum Gera, Gera, Germany

Aims: We have observed rod breakage between S1 and iliac
screws in some patients, suggesting that large forces were exerted
at this joint after the fusion. Therefore, we aimed to quantify the
displacement of the ilium relative to the sacrum that occured after
insertion of iliac or S2-alar-iliac screws.
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Methods: Pre-implantation and post-implantation CT data of 10 
patients with either iliac  or S2-alar-iliac screws were 
included in this preliminary study. Regions of interest were defined 
for the sacrum only and the images were fused using elastix image 
registration toolkit [1]. Subsequently, a new region of interest was 
defined to exclude the sacrum and include the ilium only and the 
registration process was repeated. Using the transform description 
file from the second registration, the translation and rotation that 
occurred between the ilium and the sacrum due to the screw 
insertion and fusion was measured. 
Results: The mean translation in the left-right plane was 0.17 mm 
(SD: 0.22, max:0.76 mm) with negligible rotation of 0.09 degrees 
(SD:  max: 0.26). The mean translation in the ventrodorsal 
direction was larger with 0.4 mm (SD:  max: 0.97), rotation 
0.21 degrees (SD: 0.21, max:  The largest translation 
occurred in the craniocaudal direction, with mean of 0.62 mm (SD: 
0.9, max: 2.9) and rotation of 0.42 degrees (SD: 0.47, max:  
The mean and maximal displacement measured was larger than 
physiological values described in literature (0,32 mm) [2], 
Statistically, the differences in translations in separate planes were 
not significant, but there was a significant difference in the rotation 
between the left-right and cranio-caudal directions (p=0.01, 
Wilcoxon signed rank test), the difference between rotation in left-
right and dorso-ventral direction neared significance  
There were no differences between patients with iliac and S2-alar-
iliac screws in terms of translation  Mann - Whitney - U 
test).  
Conclusion: Sacropelvic fusion using iliac or S2-alar-iliac screws 
can lead to a displacement in the sacroiliac joint that is larger than 
physiological values, especially in the cranio-caudal direction. This 
can possibly cause unnecessary strains on the rods and screws and 
lead to late complications, like rod breakage.  
1. Klein S, Staring M, Murphy K, et al (2010) elastix: a toolbox for 
intensity-based medical image registration. IEEE Trans Med 
Imaging 29:196–  
2. Hammer N, Scholze M, Kibsgård T, et al (2019) Physiological 
in vitro sacroiliac joint motion: a study on three-dimensional 
posterior pelvic ring kinematics. J Anat 234:346–   
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Increased detection of FAS ligand in cerebrospinal fluid in 
patients with degenerative cervical myelopathy. An indication 
of apoptosis as part of pathophysiology 
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Pufe , H. Clusmann1, C. A. Müller1 
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Introduction: Apoptosis plays an important role in determining 
neurological outcome in degenerative cervical myelopathy (DCM) 
based on clinically relevant animal models and cadaver studies. 
These show that FAS mediated apoptosis plays a role in 
demyelination and axonal dysfunction, leading to the development 
of neurological deterioration in DCM. The aim was to detect FAS 
ligand (FASL) in CSF, in vivo in patients with DCM. 
Material/Methods: Patients with DCM and indication for surgery 
were included. Patients were monitored for neurological symptoms 
(NDI/mJOA). CSF samples were taken pre- and 3 months 
postoperatively. A control group of patients with thoracic 
abdominal aortic aneurysm surgery (TAAA-group), who needed a 
lumbar drain for intraoperative CSF pressure monitoring was 
established. The control group was monitored to exclude 
neurological signs of DCM (NDI/mJOA). CSF samples were taken 
preoperatively. The samples were evaluated via ELISA. Protein-
concentrations of FAS ligands (FASL) were measured in CSF 
pg/ml. 
Results: Overall 21 patients (mean age 63y) and 32 controls (mean 
age 60 years; p=0.411) were included. In 21 cases FASL was 

preoperatively examined, in  patients postoperatively. 
Preoperative clinical scores: mJOA DCM group  TAAA 
group 17.3±1.2 (p<0.001); NDI DCM group  TAAA 
group  (p=<0.001). Significant differences of preoperative 
concentrations of FASL were detected in CSF: DCM group 

 pg/ml, TAAA group  pg/ml (p=0.009). In 
DCM patients, the preoperative FASL concentrations were reduced 
in each patient  pg/ml) versus postoperative values 

 but did not reveal statistically significant differences 
(p=0.074). 
Discussion: FASL initiates cytokine production by binding to FAS 
on microglia or astrocytes, which also lead to cell death in the 
lesion zone in animal model and cadaver study. This is the first 
time that FASL could detected in DCM patients. We hypothesize, 
that blockade of FASL could be a therapeutic target in DCM to 
prevent apoptotic cell death. A larger postoperative cohort is 
necessary to determinate how far surgery in DCM is may be 
beneficial concerning FASL mediated cell death.  
 
V 54 
Degenerative cervical myelopathy: Accumulation of 
proinflammatory eotaxin-1 in postoperative CSF samples 
compared to preoperative and healthy controls. Advice for 
extended inflammation and neurotoxicity? 
*C. A. Müller1, V. Mainz2, U. Bertram1, T. P. Schmidt1, T. Pufe3, 
H. Clusmann1, C. Blume1 
1Uniklinik RWTH Aachen University, Department of 
Neurosurgery, Aachen, Germany 
2RWTH Aachen University, Institute of Medical Psychology and 
Medical Sociology, Aachen, Germany 
3RWTH Aachen University, Institute of Anatomy and Cell 
Biology, Aachen, Germany 

Introduction: Endogenous immune mediated reactions of 
inflammation are a component of the secondary injury of the spinal 
cord in patients with degenerative cervical myelopathy (DCM). 
Eotaxin-1 (CCL11), which is a chemokine and eosinophil 
chemoattractant, is elevated in the cerebro-spinal fluid (CSF) of 
patients with neuroinflammatory disorders. Treatment with CCL11 
dramatically inhibits neurogenesis in the adult CNS. The study aim 
is to identify the eotaxin-1 alterations in CSF of patients with DCM 
before and after surgery and to compare those to a control group. 
Materials/Methods: Patients with DCM  21 female; mean 
age 62.9±11.1SD) and indication for surgery were included. CSF 
samples were taken pre- and postoperatively. A control group of 
patients  17 female; mean age 61.1±16.6), with abdominal 
aortic aneurysm (AAA), requiring surgery was established. AAA 
patients received a CSF drainage for intrathecal pressure 
monitoring, samples were taken preoperatively. The neurological 
status of participants was evaluated prior surgery including NDI 
and mJOA. Controls with any neurological deficit or history of 
neurological diseases were excluded. Samples were examined via 
ELISA tests. Protein-concentrations of CCL11 were measured in 
CSF pg/ml. 
Results: Groups did not differ in terms of age and gender 
distribution. Groups differed regarding their neurological status 
(mJOA: DCM  AAA 17.27±1.2, p<0.001; NDI: DCM 
40±20.7, AAA  p<0.001), and in CCL11 concentrations: 
DCM  AAA 1.76±1.03, p<0.001). A significant increase 
of CCL11 was observed three month after surgery  
These values were significantly increased both in comparison to 
the controls and to the preoperative values (p<0.001). Subgroup 
analysis of clinical data via correlations showed no significant 
differences in concentrations of CCL11. 
Discussion: The proinflammatory and neurotoxic factor CCL11 
was significantly elevated in patients with DCM. Activated 
astrocytes are the main source of CCL11. Microglia express the 
CCL11 receptor and CCL11 promote microglial migration, and 
increase microglial expression of reactive oxygen species , which 
reinforce neurotoxicity. A definitive answer to the question of 
whether inflammation and neurotoxicity have a significant 
influence on the maintenance of DCM even after surgery cannot 
yet be given in the absence of a correlation with clinical outcome 
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data. Larger case numbers are necessary to answer this question
with certainty.

V 55 
Shoulder depression should be avoided during anterior cervical
surgery to reduce postoperative C5 nerve root palsy – a
prospective multicentric cohort study with 1,244 patients
*S. Ille1, S. M. Krieg1, F. W. Floeth2, P. Vajkoczy3, C. Thomé4,
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6Department of Neurosurgery, Vivantes Hospital Neukoelln,
Berlin, Germany
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Introduction: Anterior cervical discectomy and fusion (ACDF)
and cervical vertebral body replacement of (VBR) are associated
with a relatively low rate of complications. Yet, nerve root
palsy is a severe one, ranging from 3 to of patients
referring to current literature. Its pathogenesis remains unclear
despite various theories and studies. Our hypothesis was that
intraoperative shoulder depression contributes significantly to this
severe complication.
The aim of the present study was to prospectively examine the
incidence and pathogenesis of postoperative after anterior
cervical surgery via a multicentric approach focusing on this very
question. The participating centers were blinded to the main
objective of the study in order not to bias their standard procedure.
Methods: From to 2021, 9 spine centers prospectively
included 1,244 patients men, mean±SD age years)
suffering from degenerative or traumatic diseases of the cervical
spine undergoing ACDF of VBR. Standardized examination was
performed preoperatively, one day postoperatively, day of
discharge, and 2 months postoperatively.
Results: Overall, postoperative occurred in 3.94% of cases.
Of those, 20 were transient and 29 permanent. Patients with
were significantly older (p=0.002) while gender, body-mass-index,
and secondary diagnoses could not be identified as predictors.
Besides significant differences in radiological measures, patients
with underwent surgery with longer incision-to-suture times
(p<0.0001) and more levels (p<0.0001). The duration of shoulder 
depression had a significant impact on (p=0.002), without
clear cut-off value in maximum tolerable time.
Conclusion: The occurrence of after anterior cervical surgery
is 3.94%. Our hypothesis that is associated with prolonged 
intraoperative shoulder depression was confirmed and should be
avoided in order to decrease the risk of 
ClinicalTrials.gov Identifier:
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Novel AI-based algorithm for the automated measurement of
cervical sagittal balance parameters. A validation study on pre- 
and postoperative radiographs of 129 patients
*S. Vogt1, C. Scholl2, P. Grover2, J. Marks2, M. Dreischarf2, P.
Strube1, S. Böhle1

1Waldkliniken Eisenberg, Klinik für Orthopädie und
Unfallchirurgie, Eisenberg, Germany
2Raylytic GmbH, Leipzig, Germany

Objective: The sagittal alignment of the cervical spine plays a key
role in the balance of the head and surgical treatment of cervical
spinal disorders. Deviations from the physiological profile
correlate with clinical symptoms. Therefore, an exact analysis of
cervical balance parameters is essential for preoperative planning
and postoperative evaluation. However, the manual measurement
of the individual parameters is time-consuming and dependent on
the physicians" experience. Using a fully automated algorithm
based on artificial intelligence (AI) for the determination of
parameters of the sagittal balance could save time in everyday
clinical practice and contribute to an objective analysis of 
pathologies.
Methods: Pre- and postoperative lateral cervical X-rays of 129
patients undergoing anterior cervical discectomy and fusion or 
cervical disk arthroplasty were measured manually as well as
blinded by two independent spinal surgeons. The following 
cervical spine parameters were determined: C2-C7 lordosis, C1-C7 
sagittal vertical axis (SVA), C2-C7 SVA, and C7 slope. All
parameters were measured twice by both human raters and
compared to the automated measurement by the AI algorithm
consisting of four interlinked convolutional neural network models.
Agreement was quantified by mean errors confidence
interval (CI), standard deviation) and single-measure intra-class
correlation coefficients (ICC) for absolute agreement were
computed to determine intra- and interrater reliability. ICC values
larger than were considered excellent (Cicchetti, Psychol.
Assess., 1994).
Results: ICC coefficients for intra- (range: 0.92–0.99) and inter-
rater (range: 0.91–0.99) reliability reflect excellent agreement
between human raters for all parameters pre- and postoperatively.
The automated measurement was possible in of pre- and 
of postoperative images. ICC values for the agreement between the
automated and human measurements were excellent for all
parameters, ranging between and 0.99 preoperatively, and

and postoperatively. Exemplarily for the comparison
between one surgeon and the AI algorithm, mean errors were
smallest for C2-C7 SVA (PreOP: CI: 0.4–1.2 mm),
PostOP: (0–1.1 mm)) and largest for C7 slope (PreOP: 2.6°
(1.9–3.3°), PostOP: 1.9° (1.2–2.7°)).
Conclusion: For the first time, it has been shown that a novel AI-
based algorithm can automatically measure cervical sagittal
balance parameters with excellent reliability and accuracy,
particularly in preoperative images. It may facilitate or even
replace routine manual measurements of clinicians and
autonomously analyze large-scale datasets, e.g., in nationwide
registries, to support research on diagnosis, indication and surgery
outcomes.

Fig. 1
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Introduction: Fractures of the odontoid process of C2 have 
become increasingly prevalent in the aging population and are 
typically associated with high morbidity and mortality. Despite the 
increasing frequency there exists uncertainty about the optimal 
management strategy. In this study we investigated the association 
between surgical management of odontoid fractures and in-hospital 
mortality and complications in a large multi-center cohort of older 
adults.  
Materials and Methods: We made use of the American College 
of Surgeons (ACS) Trauma Quality Improvement Program (TQIP) 
dataset. The TQIP combines data from over  ACS and state 
verified Level 1 and 2 trauma centers across North America. We 
identified patients  years or older with an Abbreviated Injury 
Scale (AIS) code corresponding to an odontoid fracture. We 
excluded patients with penetrating injuries, severe injuries in other 
body regions, neurological injury, or significant thoraco-lumbar 
fractures. We identified patients who had surgery for a C2 fracture 
using International Classification of Diseases (ICD) procedure 
codes. Our primary outcome was in-hospital mortality. Secondary 
outcomes were composite measures of in-hospital complications 
and hospital length of stay. We used a generalized estimating 
equation model to compare outcomes between the patients who had 
surgery and those who did not. In a secondary analysis we used a 
propensity score matched analysis to confirm these results.  
Results: A total of 12917 subjects treated at 443 trauma centers 
met eligibility criteria. A total of   patients underwent 
surgery and 11772 (91.14%) did not. In the primary analysis 
mortality was significantly lower in the group of patients that 
underwent surgery vs. those who did not  vs. 6%, OR: 0.46, 

 CI: 0.30-0.70). The incidence of primary complications did 
not significantly differ between patients who had surgery and those 
who did not (OR: 0.91,  CI: 0.70 – 1.20). The incidence of 
immobility complications also did not significantly differ between 
patients who underwent surgery and those who did not (OR:  

 CI: 0.61 –   
Discussion: The findings from this multicentre North American 
trauma database suggests that the surgical management of odontoid 
fractures in older adults is associated with lower in-hospital 
mortality but without an increase complications. This supports a 
role for surgical intervention, however further study is needed to 
better understand specific patient level factors that determine 
surgical candidacy. 
 
Fig. 1 
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Introduction: The aging process of the spine causes degenerative 
changes that can lead to symptomatic cervical spinal stenosis 
(sCSS). In some cases, spinal cord compression results in a 
clinically manifested myelopathy. Cervical spondylotic 
myelopathy (CSM) is the most common cause of spinal cord 
dysfunction in adults. Gait and balance impairment are among the 
most frequent clinical signs of CSM. The aim of this study was to 
compare gait between patients with sCSS and healthy controls and 
to determine if patient reported outcome measures (PROMs) are 
associated with gait parameters in patients with sCSS. 
Methods: Fifteen patients with sCSS  scheduled for surgery, 
N=7 treated conservatively; mean age: 60.7 years; 7 women,  
men) and 27 healthy controls (age: 61.4 years; 16 women, 11 men) 
were included. Spatiotemporal gait parameters were measured 
using the RehaGait system (7 inertial sensors) for walking at self-
selected speed in a -m hallway. Only patients and not controls 
completed the modified Japanese Orthopaedic Association score 
(mJOA), Neck Disability Index (NDI), Numeric Pain Rating Scale 
(NPRS; 0—no pain; 10—extreme pain), and Falls Efficacy Scale 
International (FES-I). Differences between groups were detected 
using t-tests  Correlations in patients between PROMs, 
balance ability and gait parameters were detected using the 
Pearson"s correlation coefficient. 
Results: On average, patients had an NDI score of 23.1% (SD: 

 mJOA score of  (SD: 1.7), FES-I score of 23.3 (SD: 
 and NPRS of the neck  (SD: 3.0). Compared to controls, 

patients with sCSS walked slower (1.09 vs.  m/s; P=0.017) and 
had lower cadence (106.1 vs. 113.9 steps/min; P=0.007), longer 
stride time (1.13 vs.  s; P=0.006), longer double support phase 
(13.9 vs 9.9 %; P<0.001), and longer stance phase (63.9 vs.  
%; P<0.001). 
Patients with a higher NDI score had a slower gait speed (R=-

  and shorter stride length (R=-  P=0.020). 
Neck pain was also negatively correlated with stride length (R=-

  Furthermore, although not statistically significant, 
there was a tendency that patients with higher fear of falling (FES-
I) had a slower walking speed (R=-0.461,  lower cadence 
(R=-0.493, P=0.062) and longer stride time   
mJOA score was not correlated with any of the gait parameters. 
Conclusion: The results of our preliminary analysis indicate that 
patients with sCSS walk slower and have a longer double support 
phase than healthy controls possibly to account for compromised 
coordination and balance. Furthermore, it seems that patients with 
a greater perceived disability and fear of falling walk slower and 
with shorter strides, suggesting more insecurity and instability 
during the gait. These parameters provide more detailed 
information on the limitations associated with sCSS. Larger 
cohorts are needed to elucidate these limitations in patients with 
sCSS compared to healthy subjects.  
 
V 59 
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Background: The incidence of thoracolumbar osteoporotic 
fractures shows an increase with strong socio-economic 
consequences. The surgical treatment of a specific OF-4 subgroup, 
the ""Pincer"" fractures, seems quite challenging. A long segment 
posterior instrumentation with ventral reconstruction is being 
proposed as the treatment of choice of these fractures. 
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Complications of these invasive procedures affecting the elderly 
with significant comorbidities are well described. A novel minimal 
invasive procedure of percutaneous PMMA-augmented pedicle 
screw ring osteosynthesis of the fractured vertebra is being 
proposed. The biomechanical primary and secondary stability of 
this procedure was investigated in a human osteoporotic Cadaver 
model.  
Methods: An OF-4 ``Pincer`` fracture was experimentally induced 
in  bisegmental cadaveric lumbar specimen (Ø Age73,6; BMD 

 mg/ccm) and then instrumented with a PMMA-augmented 
pedicle screw ring osteosynthesis of the fractured vertebra. An 
axial loading was then applied with a stepwise increasing force for 

 cycles (initial 100-  with  increase every  
cycles). The vertebral height was measured on lateral fluoroscopy 
ventrally, dorsally and in the center of the vertebral body. 
Measurements were taken on the intact, fractured and instrumented 
vertebra as well after every  cycles. The range of motion (RoM) 
was measured in the flexibility tests with pure moments of  
before and after instrumentation as well every  cycles of axial 
loading.  
Results: There was a significant height loss after fracture induction 

 The median height loss in the vertebral body center was 
 and was reduced to 17% after instrumentation  An 

increase of height loss to 26% was shown during the axial loading 
but was significantly lower to the initial  of the fractured 
vertebra  At the ventral and dorsal aspects of the 
vertebral body there was a similar trend of height loss but in a 
lower extend in comparison to the vertebral body center. The 
flexibility testing showed an increase in the RoM after fracture 
induction  which was significantly decreased with the 
instrumentation ) but at a greater level in comparison to 
the intact specimen  and increased slightly throughout the 
axial loading. This was probably attributable to RoM 
measurements which included the adjacent non-instrumented 
intervertebral disc spaces.  
Conclusion: The results of these study show a sufficient 
biomechanical stability of the PMMA-augmented pedicle screw 
ring osteosynthesis in vitro and suggest that it could be a 
minimally-invasive alternative for the treatment of osteoporotic 
lumbar OF-4 ""Pincer"" fractures in geriatric patients with 
significant comorbidities. 
 
Fig. 1 

 

V 60 
Blood spinal cord barrier disruption restores in patients with 
degenerative cervical myelopathy after surgical decompression 
T. P. Schmidt1, K. Jütten2, L. O. Brandenburg3, A. Gombert4,  
C. A. Müller1, H. Clusmann1, *C. Blume1 
1Uniklinik RWTH Aachen, Neurochirurgie, Aachen, Germany 
2Uniklinik RWTH Aachen, Institut für Medizinische Psychologie 
und Medizinische Soziologie, Aachen, Germany 
3Uniklinik RWTH Aachen, Institut für Anatomie und Zellbiologie, 
Aachen, Germany 
4Uniklinik RWTH Aachen, Gefäßchirurgie, Aachen, Germany 

Objective: The pathophysiology of degenerative cervical 
myelopathy (DCM) is characterized by chronic compression-
induced damage to the spinal cord (SC) leading to disruption of the 
blood spinal cord barrier (BSCB). Neurological impairment of 
DCM patients is highly variable preoperatively and after surgical 
cervical decompression. It is therefore the purpose of this study to 
analyze BSCB disruption in pre- and postoperative DCM patients 
to correlate it with neurological impairment and postoperative 
outcome.  

Methods: This prospective controlled cohort study included 44 
DCM patients (19 female;  male; mean age: 63.1 ± 11.6 years). 
As neurological healthy controls,  (17 female;  male; mean 
age 61.9 ± 13.9 years) patients with thoracic abdominal aortic 
aneurysm (TAAA) were included. All patients underwent 
neurological examination and DCM associated scores (NDI, 
mJOA) were assessed. To evaluate the BSCB status, blood and 
CSF samples (lumbar puncture or CSF drainage) were taken 
preoperatively and in 16 DCM patients (4 female; 12 male; mean 
age: 64.7 ± 11.1 years) postoperatively. Regarding BSCB 
disruption, CSF and blood serum were examined for albumin, IgG, 
IgA and IgM. Ratios for CSF/serum were standardized and 
calculated according to Reibers" diagnostic criteria.  
Results: DCM patients differed significantly from control patients 
according to preoperative mJOA (T =  df =  p < 
0.001). This was also evident for the NDI score (T = -10.761, df = 

 p < 0.001). We detected significant increased ratios of each 
CSF value to the corresponding serum value in preoperative DCM 
patients compared with TAAA patients: IgA (df = 1, F = 23.621, p 
< 0.001), IgG (df = 1, F = 42.099, p < 0.001) and albumin (df = 1, 
F =  p < 0.001). IgM ratio (df = 1, F = 0.236, p = 0.629) 
showed no significant difference. After surgical decompression, 
DCM patients" neurological symptoms improved, as shown by a 
significantly higher mJOA score postoperatively compared with 
the preoperative score (T = -  df =  p = 0.001). This 
neurological improvement is accompanied by an equally 
significant change in postoperative CSF/serum ratios: IgA (df = 1, 
F =  p = 0.001), IgG (df = 1, F =  p = 0.006) and 
albumin (df = 1, F =  p < 0.001).  
Conclusion: This study further substantiates the preliminary 
findings published in 2020, that increased permeability and 
disruption of the BSCB in DCM patients is evident. Interestingly, 
surgical decompression leads to BSCB recovery, that is visible in a 
postoperative reduction of CSF/serum ratios and convergence to 
control values. Thus, BSCB disruption might be a promising 
diagnostic and potential therapeutical pathomechanism in DCM 
patients that should be further characterized.  
 
V 61 
Spinopelvic Function is affected by Spinal Sagittal Imbalance - 
a Prospective Observational Study of Patients awaiting Total 
Hip Arthroplasty 
*H. Haffer1, Z. Wang1, Z. Hu1, M. Müllner1, C. Hipfl1, M. 
Pumberger1 
1Charité- Universitätsmedizin Berlin, Centrum für 
Muskuloskeletale Chirurgie, Berlin, Germany 

Introduction: Restricted spinopelvic mobility gained attention as a 
contributing factor for total hip arthroplasty (THA) instability. 
However, it remains unclear what influence sagittal spinal 
alignment has on spinopelvic mobility. This investigation aimed 
(1) to determine the impact of sagittal spinal alignment with C7-
sagittal vertical axis (SVA), pelvic incidence-lumbar lordosis 
mismatch (PI-LL) and Roussouly classification on individual 
segments of spinopelvic mobility represented by lumbar flexibility 

 pelvic mobility  and hip motion  in patients 
undergoing THA. 
Methods: 197 THA patients were included in the prospective 
observational study conducting biplanar stereoradiography in 
standing and sitting position pre-and postoperatively. Two 
independent investigators assessed SVA  balance,  
imbalance), PI-LL  >10° imbalanced), refounded 
Roussouly classification, lumbar lordosis (LL), pelvic incidence 
(PI), pelvic tilt (PT) and pelvic femoral angle (PFA). Individual 
segments of spinopelvic mobility based on the change from 
standing to sitting were defined as   and  Unpaired 
t-test or Welch´s t-test comparing groups of two and post-hoc 
analysis according to Bonferroni or Games-Howell was used to 
determine differences between groups of more than two. 
Results: Significant differences were demonstrated for  (SVA 
balanced/ imbalanced 24.7° /19.1°, p=0.001; PI-LL balanced/ 
imbalanced 24.4°/ 16.4°, p<0.000), PT stand (SVA balanced/ 
imbalanced   p=0.029; PI-LL balanced/ imbalanced 

  p<0.000), PI stand (SVA balanced/ imbalanced  
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 p=0.001; PI-LL balanced/ imbalanced  61.0°, 
p<0.000), LL stand (SVA balanced/ imbalanced   
p=0.029; PI-LL balanced/ imbalanced  42.6°, p<0.000). 
Significant differences with decreased pelvic mobility  and 
lumbar flexibility  in low-grade PI types 1 and 2 compared to 
high-grade PI type 4 according to the Roussouly classification were 
observed. 
Conclusion: This is the first study to investigate spinal sagittal 
alignment using three different classifications in association to the 
spinopelvic complex in THA patients pre- and postoperatively. The 
significantly altered spinopelvic mechanics with decreased lumbar 
flexibility and increased pelvic retroversion in sagittal imbalanced 
patients clearly indicate the need for a separate consideration of the 
global spinal sagittal alignment. Our findings emphasize the 
importance of risk stratification for THA candidates in terms of 
sagittal imbalance attempting to mitigate the THA instability risk 
with accurate preoperative planning.  
 
V 62 
The corticospinal reserve: Surgical decompression restores 
cortical motor excitability and function in cases of mildly 
symptomatic degenerative cervical myelopathy 
*A. Zdunczyk1, L. Kawelke2, C. Weiss-Lucas3, S. M. Krieg4, K. 
Seidel , S. Ille4, T. Picht2, P. Vajkoczy1 
1Charité Berlin, Klinik für Neurochirurgie, Berlin, Germany 
2Charité Berlin, Berlin, Germany 
3Uniklinik Köln, Köln, Germany 
4TU München, München, Germany 
Inselspital Bern, Bern, Switzerland 

Background: We have recently shown an adaptive reorganization 
of the corticospinal network in patients with degenerative cervical 
myelopathy (DCM) which led to the concept of the "corticospinal 
reserve capacity". In patients suffering from mild symptoms 
(JOA>12) and preserved reserve an increased neuronal recruitment 
and disinhibition with enlarged motor area was observed. In 
contrast, severely symptomatic patients (JOA<12) with an 
exhausted reserve presented with a restricted motor area, reduced 
corticospinal conductivity and increased inhibition. The current 
prospective multicenter trial has been designed to validate the new 
pathophysiological concept. 
Methods: 120 patients with DCM from four spine centers in 
Germany and Switzerland. were examined preoperatively and 9 
months after surgical decompression with navigated transcranial 
magnetic stimulation (nTMS). On the basis of the initial Japanese 
Orthopedic Association (JOA) Score three patient groups were 
established (JOA<12, 12-  >  Corticospinal excitability was 
determined by navigated transcranial magnetic stimulation (nTMS) 
with the following parameters: Resting motor threshold (RMT), 
recruitment curve (RC), cortical silent period (CSP) and motor 
area. 
Results: In patients with moderate symptoms (JOA 12-  we 
encountered a compensatory increased motor cortex activation 
(motor area:  JOA 12-    213,3 vs. JOA <12:  

  Surgical decompression led to a recovery of corticospinal 
excitability expressed by an increased RC  RC preop 9,21  

 vs. follow up 11,72   and a favorable functional 
outcome (JOA preop 14,0 1,1 vs. JOA follow up  In 
contrast, patients with severe symptoms (JOA<12) presented a 
reduced excitability of cortico-cortical axons reflected by an 
elevated RMT (  JOA <12:   11,4 vs. JOA >  39,2  

 and a reduced RC slope  JOA <12:   vs. JOA 
-17: 11,1   The diminished cortical motor area  see 

above) further revealed a functional restriction on the cortical level. 
In this group no improvement in RC was detected (RC preop  

 vs. RC follow up 10,0 4.3) after surgical decompression 
which was further reflected in a lack of significant clinical recovery 
of symptoms (JOA preop 10 1,3 vs. JOA follow up  
Conclusions: In summary our prospective multicenter trial 
confirmed our concept for functional reorganization in patients 
suffering from DCM, i.e. the "corticospinal reserve capacity". It 
became apparent that the individual pattern of compensation is a 
sensitive marker to objectify the state of the disease and functional 
reserve and may therefore indicate imminent non-reversible 

clinical deterioration. This innovative approach to evaluate patients 
suffering from DCM might improve current concepts of clinical 
diagnostics and impact future treatment strategies.  
 
V 63 
Body image is a possible protective predictor in an 
Interdisciplinary Multimodal Pain Therapy setting 
*C. Levenig1,2, M. I. Hasenbring2, D. Neveling1, A. Wolf1, S. 
Elsenbruch2, L. M. Günnewig3, T. L. Schulte1 
1Katholisches Klinikum Bochum, Klinik für Orthopädie und 
Unfallchirurgie, Bochum, Germany 
2Universität, Medizinische Psychologie und Medizinische 
Soziologie, Bochum, Germany 
3Katholisches Klinikum Bochum, Bochum, Germany 

Background: The Interdisciplinary Multimodal Pain Therapy 
(IMPT) has been shown to be more effective to reduce pain and 
disability than usual care with regard to patients suffering from 
chronic low back pain (CLBP). Besides somatic factors, the 
relevance of psychosocial risk factors such as maladaptive pain 
behaviour and distress is evident. However, there is a lack of 
knowledge concerning interindividual variance and protective 
predictors such as a positive body image, to individualise 
therapeutic approaches. The concept of body image is a growing 
field within pain research, predominant regarding perceptual facets. 
Recently research focusses on cognitive-affective aspects. 
Therefore, main aims of our ongoing protective study is to point 
out (1) relations between body image and pain parameters pre and 
post an in-patient IMPT, and (2) to investigate positive changes of 
body image after IMST.  
Methods:  CLBP  w, age M    in an on 
average 17 days lasting in-patient IMPT filled in a battery of 
questionnaires in terms of pain parameters and protective factors, 
at both the beginning (n =  and the end (n =  of IMPT, as 
well as three months after therapy. Body image was evaluated by 
three subscales of the Frankfurt Body Concept Scales: Physical 
efficacy (SKEF), Self-acceptance of the body (SSAK), and Health 
(SGKB).  
Results: Results suggest that at the beginning of in-patient IMPT 
cognitive-affective aspects of body image were negatively 
correlated with pain intensity (SKEF r = -.237, p <  SSAK r = -

 p <  SGKB r = -.311, p < .01) and disability (SKEF r = -
.401, p < .001; SSAK r = -  p <  SGKB r = -.441, p < .001). 
A cluster analysis devided patients in groups with positive and 
negative body image. Analyses of variance showed that patients 
with an overall positive body image revealed less pain (F (2) = 

 p <  and disability (F (2) = 9,339, p < .001) compared to 
patients with a negative body image. Furthermore, patients 
revealed low to moderate effects regarding an improved body 
image of all three dimensions SKEF (t = -2.963, p = .004, d = 
.299), SSAK (t = -  p = .000, d = .366) and SGKB (t = -  
p = .000, d = .443) at the end of therapy.  
Conclusions: Results suggest a clinical relevance and demonstrate 
the importance of protective factors such as body image, besides 
psychosocial risk factors in the treatment of CLBP. Body image 
seems to be a potential factor to predict therapy outcome. 
Subsequently, therapy might be more individualised and optimised.  
 
V 64 
Intrathecal administration of a neurokinin-1 receptor 
antagonist after thoracic SCI modulates the blood-spinal cord 
barrier and improves functional recovery  
*A. Younsi1, A. K. Harms1, M. Tail1, H. Zhang1, G. Zheng1, A. 
Nimmo2, T. Skutella3, A. Unterberg1, K. Zweckberger1 
1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, 
Heidelberg, Germany 
2James Cook University, College of Medicine and Dentistry, 
Cairns, Australia 
3Universität Heidelberg, Institut für Neuroanatomie, Heidelberg, 
Germany 

Objective: Traumatic spinal cord injury (SCI) remains a 
devastating event with very limited neuroprotective treatments 
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currently available. Disruption of the blood-spinal cord barrier 
(BSCB) with subsequent edema formation and neuroinflammation 
after has been linked to the release of the neuropeptide Substance-P 
(SP). In this study, we aimed to antagonize the binding of SP to its 
neurokinin-1 (NK1) receptor with N-acetyl-L-tryptophan (NAT) in 
a rodent SCI model.  
Methods: Female Wistar rats (N=66) were subjected to either a 
thoracic clip-contusion/compression SCI at the T10 level or sham 
surgery (laminectomy). Additionally, an osmotic micropump was 
implanted, and infusion of NAT or Vehicle into the intrathecal 
space over the spinal cord lesion was initiated. Basso, Beattie, 
Bresnahan (BBB) score, Gridwalk test, and CatWalk gait analysis 
were performed to assess functional recovery. After infusion of 
NAT/Vehicle for 1, 3, or 7 days, animals were sacrificed, 
immunohistological analyses were conducted, and results were 
statistically compared (p <  was considered significant).  
Results: The inhibition of SP via NAT in the injured spinal cord 
showed no significant effects on macrophages' infiltration and their 
polarization towards the M1- or the M2-subtype 7 days after SCI. 
However, the invasion of T-lymphocytes was significantly reduced 
with the NAT treatment. Furthermore, a reduced leakage of 
Fibrinogen and an attenuated expression of ß-Catenin was found, 
indicating BSCB-stabilizing capabilities of NAT. Correspondingly, 
a trend towards reduced spinal cord edema could be observed. 
Furthermore, after 7 days of NAT-infusion, a significantly 
increased BBB score and significantly improved recovery in the 
CatWalk gait analysis were observed.  
Conclusion: The intrathecal administration of NAT led to 
increased integrity of the BSCB in the acute phase after thoracic 
SCI, potentially attenuating aspects of neuroinflammation, 
reducing edema formation, and improving functional recovery. 
Thus, NAT might have neuroprotective properties and should be 
further assessed in the context of SCI.  
 
V 65 
Impact of Perioperative Management on Cerebrospinal Fluid 
Leaks following Intradural Spinal Surgery 
*M. Lenschow1, M. Perrech1, S. Telentschak1, N. von 
Spreckelsen1, J. Pieczewski1, D. M. Czybulka1, R. Goldbrunner1, 
V. Neuschmelting1 
1Uniklinik Köln, Zentrum für Neurochirurgie, Köln, Germany 

Introduction: Cerebrospinal fluid leaks (CSFL) are a severe 
complication following spinal surgery. In contrast to CSFL 
following incidental durotomy, few studies have investigated 
factors impacting CSFL development following planned durotomy. 
Accordingly, the aim of this study was to evaluate the perioperative 
risk of CSFL incidents and the management following planned 
durotomy in order to be able to improve the patients' 
reconnaissance accordingly and to identify beneficial treatment 
strategies. 
Material/Methods: All cases of planned intradural surgery 
conducted at our institution between 2010 to 2020 were 
retrospectively reviewed. CSFL were defined as leakage through 
the wound or development of a pseudomeningocele necessitating 
operative treatment. Patients were dichotomized to the occurrence 
of CSFL and basic clinical characteristics as well as dural closure 
technique, epidural drainage placement and timing of mobilization 
were compared using Chi-Square-test and binary logistic 
regression. 
Results:  cases could be enrolled in the study. Median patient 
age was  (range: 19 - 94) years, % were female. 76.4% of all 
cases were resections of intradural tumors. CSFL occurred in 

 %) cases. Surgical indication, tumor histology, location 
(cervical, thoracic, lumbosacral), previous intradural surgery and 
medical comorbidities were not associated with increased risk of 
CSFL (p>0.1). Age (OR   CI  – 1.066) and gender 
(OR 0   CI 0.110 –  were not independently 
associated with CSFL development. Dural suture plus patch 
augmentation was used in  (72.9%) of all cases. Of those, 
CSFL occurred in  (4.3%) vs 0/9 (0.0%) following closure 
by suture only vs 1  (20.0%) following suture plus liquid sealant 
vs 1/37 (2.6%) following suture plus patch and liquid sealant and 
4/39 (9.3%) following suture plus other type of augmentation 

 Postoperatively  of cases were mobilized within 
24 hours. CSFL developed in   cases vs in  
(6.1%) cases following mobilization after 24 hours (p=0.317). 
CSFL following epidural drainage placement occurred in 7/191 
(3.7%) cases vs 10/160 (6.3%) cases without epidural drainage 
(p=0.261). Force of suction did not impact CSFL development 
(reduced suction 4/103 (3.9%) vs 3/61 (4.9%) no suction, 
p=0.496). 
Discussion: Our findings suggest that both early mobilization 
within 24 hours postoperatively and epidural drainage do not 
increase the risk of CSFL following planned durotomy and, thus, 
should be considered to prevent non-CSFL related complications. 
While in the majority of cases the dura was closed using primary 
suture plus patch augmentation, no benefit compared to other 
techniques was observed. Further research regarding the utility of 
stand-alone suture compared to dural closure adjuncts is warranted. 
Moreover, our data confirm the significant risk of CSFL to be 
quantified in the patients' advisory and reconnaissance for 
intradural spine surgery.  
 
V 66 
Outcome of patients with spondylodiscitis treated by targeted 
antibiotic therapy with versus without prior empirical 
antibiotic therapy 
*M. Konieczny1, J. Windolf1, M. Röckner1, M. Prost1 
1Universitätsklinikum Düsseldorf, Orthopädie und Unfallchirurgie, 
Düsseldorf, Germany 

Introduction: Recent guidelines for the treatment of 
spondylodiscitis recommend to avoid empirical antibiotic therapy 
(EAT) in favor of delayed but targeted antibiotic therapy (TAT) 
after microbiological diagnosis. The level of evidence for this 
treatment concept is still weak, which is why we conducted an 
according retrospective investigation on this subject.  
Methods: We included 201 consecutive patients with a 
spondylodiszitis who were treated in our institution from 01.2013 
to 03.2020 in a retrospective investigation. Patients with clinical 
signs of sepsis or a severe neurological deficit at the time of 
admission to our hospital were excluded from the investigation. 
We investigated if patients who received an EAT before a TAT had 
a worse outcome than patients who did exclusively receive a TAT 
and which other clinical factors had an impact on clinical outcome. 
Statistical analysis was performed by SPSS  data are reported as 
mean and standard error of mean.  
Results: Age was  (0.9) years, Time to diagnosis in hospital 
was 6.3  days. 139 patients (69.2%) received a TAT, 14 
patients (7%) deceased. In 70 patients  a staphylococcus 
aureus was isolated, in 23 patients (11.4%) a staphylococcus 
epidermidis. The germ was isolated by blood cultures in  patients 
(32.3%), intraoperative biopsy in 40 patients (19.9%) and 
percutaneous biopsy in 19 patients  
Time to initiation of TAT was  (4.0) days in patients who did 
not decease and  (1.7) days in patients who deceased (  
high statistical power of  
14 of 141 patients (10.0%) of the patients who received an EAT 
before the TAT deceased. None of the patients who did not receive 
an EAT deceased  effect size  
37 of 201 patients developed a sepsis during their hospital stay, 14 
of these 37 patients deceased. None of the patients without sepsis 
(0 of 164) deceased (p<0.001, high statistical power of 0.97). 
Time to diagnosis of the spondylodiscitis in hospital was  (0.9) 
days in patients without sepsis and  (2.2) days in patients with 
sepsis  effect size 0.63).  
Discussion: Delayed TAT  versus  days) did not lead to a 
higher rate of deceased patients. However, the earlier onset of TAT 
in deceased patients might be due to a higher count of bacteria in 
the blood of critical patients, which leads to a higher rate of 
positive results in blood cultures which enables an early TAT. 
Conclusion: In our study group patients who received an EAT 
prior to a TAT showed a higher mortality rate. All patients who 
deceased had developed clinical signs of a sepsis. Patients in whom 
the diagnosis of a spondylodiscitis was established late  
versus  days) developed significantly more often clinical signs 
of a sepsis.  
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SP 1 
Enhancement of Spinal Fusion through BMP2 and L51P in an 
in vivo Rat Spinal Fusion Model 
*K. A. C. Oswald1, S. F. Bigdon1, A. S. Croft2, P. Bermudez-
Lekerika2, B. Gantenbein2, C. E. Albers1 
1Inselspital, Bern University Hospital, University of Bern, 
Department for Orthopaedic Surgery and Traumatology, Bern, 
Switzerland 
2Department for BioMedical Research (DBMR), University of 
Bern, Tissue Engineering for Orthopaedics and Mechanobiology, 
Bern, Switzerland 

Introduction: Non-union or pseudoarthrosis remain a major 
unresolved complication after spinal fusion surgery, resulting in 
unsatisfying patient outcome and high socio-economic costs. 
Therefore, several biomaterials and osteobiologics have been used 
to improve spinal fusion, including bone morphogenetic proteins 
(BMP), such as BMP2. However, the necessary high dose 
application often leads to significant adverse effects. Furthermore, 
pseudoarthrosis has been reported to occur in up to 27% of all 
cases despite BMP2 application. The engineered BMP2 analog 

 could be a possible solution for reducing BMP doses and 
efficacy in clinics or could even become a possible replacement of 
BMP2. This pilot study aimed to demonstrate the effect of BMP2 
and  in the enhancement of spinal fusion in rat spinal fusion 
model and to establish a spinal fusion rat model. 
Materials/Methods: 26 WISTAR rats  male, 419.04 ± 

 g) underwent a two-step spinal fusion surgery under full 
anesthesia (Fig1). Firstly, a specialized designed external ring 
fixateure was applied and secured with four Kirschner wires in the 
proximal part of the rats tail (cauda 4-  Secondly, a discectomy 
and replacement with a -TCP (tri-calcium-phosphate) carrier, 
coated with the bone morphogenetic proteins BMP2 and  was 
conducted. Rats were assigned double-blinded into four groups 
according to the coating of the carrier (A: -TCP with phosphate-
buffered-saline (control); B: -TCP  1μg BMP2; C: -TCP  
10μg BMP2; D: -TCP  10μg  Read-outs were conducted 
at three and six weeks postoperatively with digital x-rays and at 12 
weeks after euthanasia with additional μCT and histology. 
Results:  rats (A:  B: n=4, C: n=4, D:  had complete 
follow-up read-outs. Eight rats were lost in the postoperative 
course due to complications, such as wound dehiscence, tail 
necrosis or wound infection. All rats in Group C showed complete 
fusion in μCT data at 12 weeks postoperatively with bridging 
callus formation, bone in-growth and  carrier resorption. Rats 
of Group B and D exhibited signs of partial fusion, with one-sided 
docking of bridging callus, bone on-growth and  carrier 
resorption. Within the control Group A, no fusion nor new bone 
formation nor carrier resorption has occurred after 12 weeks 
(Fig2). Bridwell-criteria analysis of conventional x-rays showed 
significant differences between intervention and the control group 

 at 12 weeks postoperatively.  
Discussion: In this pilot study, a spinal fusion rat model could be 
established successfully. With the high dose of 10μg BMP2, 
complete fusion was achieved. The low dose of 1μg BMP2 and the 
high dose of 10μg  resulted in partial fusion. Without growth 
factor stimulation, no fusion signs could be seen radiographically. 
Whether and to what extent a combination of low dose BMP2 and 

 can further enhance spinal fusion is subject of further 
investigations. 
 

Fig. 1 

 
 
Fig. 2 

 

SP 2 
The effect of various options for decompression of degenerated 
lumbar spine motion segments on the range of motion – a 
biomechanical in vitro study 
*S. Lener1, W. Schmölz1, A. Abram 1, P. Kluger1, C. Thomé1, 
S. Hartmann1 
1Medizinische Universität Innsbruck, Universitätsklinik für 
Neurochirurgie, Innsbruck, Austria 

Background: Lumbar spinal stenosis (LSS) is a common disease 
in the aging population. Treatment options range from conservative 
management to surgical treatment of the spinal stenosis. Surgical 
decompression surgery of LSS currently represents the gold 
standard, however a risk of segmental destabilization depending on 
the selected approach and the extent of decompression is discussed. 
So far, biomechanical studies on decompression techniques were 
mainly conducted on non-degenerated specimens. This 
biomechanical in vitro study aimed to investigate the increase in 
segmental range of motion (ROM) depending on the extent of a 
decompression in degenerated segments. 
Methods: On the basis of preinterventionally CT scans 12 
degenerated fresh frozen lumbar specimens, which would receive 
surgical decompression were selected for the study. Specimen were 
embedded in polymethylmethacrylate (PMMA) and loaded in a 
spine tester with pure moments of  Nm in lateral bending (LB), 
flexion/extension (FE), and axial rotation (AR). Following testing 
the native state of the specimens four different extents of 
decompression were consecutively performed in all specimens: 
unilateral interlaminar decompression (DC1), unilateral approach 
with "over the top" decompression (DC2), bilateral interlaminar 
decompression (DC3) and laminectomy (DC4). To emphasize the 
changes in ROM relative to the native segment, the ROM for all 
surgical decompressions of the index segment is reported as 
percentage of the native. 
Results: Specimen were measured in intact state prior to 
decompression and the ROM was defined as 100% (LB:  
FE: 6.3±2.3°; AR: 3.0±1.6°) Decompressive interventions showed 
a continuous ROM increase in LB (after DC1: 103.7%±6.0; after 
DC2: 104.9%±7.3; after DC3:  after DC4: 

), as well as in FE (DC1:  DC2: 
 DC3:  DC4:  and in AR 

(DC1: 106.7%±6.0; DC2: 109.2%±7.9; DC3:  DC4: 
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 Compared to the native, a significant increase in 
ROM was measured after DC4 for all motion directions. The 
highest individual ROM difference compared to the intact state was 
observed in AR. 
Conclusion: This is the first biomechanical in vitro study 
investigating the effect of decompression surgery in degenerated 
lumbar spine segments. Unilateral and/or bilateral decompressive 
surgery resulted in a small and negligible ROM increase in the 
majority of the tested levels. Two degenerated specimens showed a 
noticeable ROM increase after decompression, especially AR. 
Therefore, there might be a potential for a device to 
intraoperatively measure the flexibility in axial rotation before and 
after decompression to identify patients who might benefit from an 
additional treatment.  
 
SP 3 
Cervical total disc replacement can restore intact range of 
motion and 3-d kinematics 
*M. Vogt1, L. Zengerle1, R. Jonas1, H. J. Wilke1 
1Institut für Unfallchirurgische Forschung und Biomechanik, Ulm, 
Germany 

Introduction: In contrast to cervical discectomy and fusion, total 
disc replacement (TDR) aims at preserving the motion at the 
treated vertebral level. Spinal motion is commonly evaluated with 
the range of motion (ROM). However, more qualitative 
information adequate for the complex cervical kinematics before 
and after TDR is still lacking. Therefore, the aim of this in vitro 
study was to investigate the influence of cervical TDR on ROM 
and three-dimensional helical axes. 
Methods: Six fresh frozen human cervical functional spinal units 
(FSUs) (C4-  mean age 32 years, range 19-47 years) were 
biomechanically characterized in the intact state and after TDR. 
Additionally, to be able to test the prosthesis under in vivo 
conditions regarding temperature and abundant ambient water, hot 
water steam was used to create a warm and humid test environment 
with 37 °C. Pure moment loading without preload has been shown 
to produce realistic cervical kinematics even in monosegmental 
specimens [1]. Thus, each FSU was quasistatically loaded with 
pure moments up to  Nm in flexion/extension (FE), right/left 
lateral bending (LB) and right/left axial rotation (AR) in a 
universal spine tester for  cycles at 1 °/s. Motion tracking was 
performed for each vertebral body individually. For each third 
cycle of motion the ROM was evaluated and an established method 
was used to determine the three-dimensional helical axes and to 
project them into planar X-rays [1]. Statistical analysis was 
performed using a Friedman-test and post hoc correction with 
Dunn-Bonferroni-tests  
Results: Normalizing the ROM after TDR of each specimen to its 
intact condition with steam revealed a 3 % ROM increase in FE 
and AR and a 16 % decrease in LB after TDR. No statistical 
differences between the intact ROM and ROM after TDR were 
observed. 
The position as well as the orientation of the helical axes after TDR 
was in good agreement with the results of the intact specimens in 
all three motion directions (Fig. 1). 
Discussion: The results of this in vitro study indicate that the ROM 
of the intact cervical spine can be restored with cervical TDR. 
Additional to the widely used parameter ROM, also the three-
dimensional motion pattern was investigated. The kinematics after 
cervical TDR are in good agreement with the kinematics of the 
intact specimens under in vitro conditions. This intact kinematics 
also closely match in vivo data of healthy subjects [2]. 
From these results it can be concluded that this tested artificial 
cervical disc may replicate the quantity as well as the quality of 
motion of the intact cervical spine under in vitro conditions. 
References 
1. Jonas et al, Spine J, -   
2. Anderst et al, J Biomech, -1293,  

Fig. 1 
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Multiplex analysis of CSF extracellular vesicles of intraspinal 
tumors 
*F. Ricklefs1, I. Stevic1, C. Maire1, J. Welsh2, K. C. Mende3, M. 
Westphal1, K. Lamszus1, S. O. Eicker1 
1Universitätsklinikum Hamburg-Eppendorf, Neurochirurgie, 
Hamburg, Germany 
2National Cancer Institute, Translational Nanobiology Section, 
Maryland, United States 
3Klinikum Neumünster, Neurochirurgie, Neumünster, Germany 

Background: Extracellular vesicles (EVs) play an important role 
in cell-cell communication in different types of tumors, carrying 
multiple layers of biological functional molecules, including 
proteins, RNA, DNA and lipids. We previously demonstrated that 
extracellular vesicles (EV) from central nervous system tumors 
reflect the molecular subtype of the original tumor and mediate an 
exchange of pro-oncogenic signals. Their implication as 
biomarkers in tumor disease is under current investigation. It is 
unclear, however, to what extent cerebrospinal fluid (CSF) EVs 
from intraspinal tumors are utilizable for diagnosticial purposes 
and how their marker profiles overlap with EVs derived from non 
tumorous EVs. We analyzed CSF EVs of intraspinal tumors to 
define CSF EV profiles that allow tumor subtype classification. 
Methods: EVs were isolated from CSF of patients suffering from 
intraspinal meningioma  ependymoma (n=3 (WHO°1); n=3 
(WHO°2)), heamangioma (n=3) and neurinoma  Patients 
suffering from normal pressure hydrocephalus were used as 
controls (n=7). EVs were analyzed by multiplex bead based assay, 
immunoblotting, electron microscopy, imaging flow cytometry 
(IFCM) and NTA. 
Results: CSF EVs were 100.6 ± 16.93nm (intraspinal tumor 
patients) and 101.6 ±  (controls) in sizes and showed 
vesicular structures by electron microscopy. A trend towards an 
increase in particle number of intraspinal tumors was observed 
(especially for ependymomas) (p =  Using our 37 protein 
multiplex EV profiling kit we found 29 proteins to be expressed in 
a sufficient manner on CSF EVs. CSF EVs of neurinomas had 
elevated levels of SSEA-4, CD19e, CD44, HLA-A/B/C, 
ependymomas showed elevated levels of CD133, CD29, 
haemangiomas showed elevated levels of CD9, CD63,  while 
meningiomas showed elevated of CD62P, HLA-DR, CD40, CD42a 
and  expression levels.  
Conclusion: Our extended comprehensive analysis of CSF EV of 
intraspinal tumor patients shows that CSF EVs display distinct 
subpopulations that may allow tumor classification and long-term 
surveillance. However as tumor-specific EVs may be rare, there is 
still the need to identify markers that can enrich tumor-specific 
EVs for molecular profiling.  
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Intradural melanocytoma and metastatic malignant melanoma 
– clinical comparison of rare tumor entities
*T. Mohme1, J. Kerschbaumer2, J. S. Onken3, V. M. Butenschoen4,
A. Kramer , K. C. Mende6, M. Mohme1, M. Westphal1, F. Ringel ,
B. Meyer4, P. Vajkoczy3, C. Thomé2, S. O. Eicker1

1Universitätsklinikum Hamburg-Eppendorf, Neurochirurgie,
Hamburg, Germany
2Universitätsklinikum Innsbruck, Neurochirurgie, Innsbruck,
Austria
3Charité Berlin, Neurochirurgie, Berlin, Germany
4Technische Universität München, Neurochirurgie, München,
Germany
Universitätsklinikum Mainz, Neurochirurgie, Mainz, Germany

6Friedrich-Ebert Krankenhaus, Neurochirurgie, Neumünster,
Germany

Object: Melanocytic tumors of the spine, such as metastases from
malignant melanoma (MMM) or supposedly benign
melanocytomas (MC), represent rare tumor entities, which can
cause significant morbidity in patients due to their intradural or 
even intramedullary localization. Our aim was to compile the
experience of multiple centers to gather valid information on the
clinical course of the extremely rare melanocytomas and to
compare them with metastasis from malignant melanoma.
Methods: We performed a retrospective clinical data analysis on 
all patients with intradural- or intramedullary melanocytic tumors
of the spine between 2010 and 2020. The study was approved by
the local ethics committee (WF- Four high volume
neurosurgical university medical centers participated in this study.
Besides baseline parameters, we assess localization, infiltration,
spinal extension and pre- as well as postoperative clinical status, as
defined by the McCormick grading scale. Data analysis was
performed using IBM SPSS v.26. Crosstables were computed
using Fisher"s exact test for dichotomized variables and Pearson"s
Chi² for variables with more attributes.
Results: Overall, we enrolled 22 patients. Fourteen patients were
male (63.6%). were diagnosed with Melanocytoma (MC) and 7
were metastases of malignant melanoma (MMM). Median age was

years. Primary symptoms were graded moderate (McCormick 3)
in 40.9%, mild (McCormick 2) 22.7% and neurologically intact in

New deficits were recorded in post-operatively,
however were also graded "same or better" after surgery.
Gross total resection was achieved for 46.7% of MC patients and
71.4% with MMM (p=0.27).
When comparing histological entities, we found MC patients were
younger with a mean age of versus years. Patients were
symptomatic for an average of 4 months (MMM) compared to 10
months (MC) (p=0.23). MC showed more postoperative new
deficits 66.7% compared to 42.9% in MMM (n=3/7) 

Also, MC graded worse according to McCormick at
follow-up with 44.4% (4/9) presenting moderate to severe
disability (grade 3- versus 20.0% in MMM despite a
higher early postoperative disability for MMM patients in 71.4%
compared to (p=0.44).
Dural involvement was comparable with 26.7% in MCs and 
in MMMs (p An extraspinal tumor growth was equally seen
in both entities (21.4% MCs vs. 33.3% MMM). None of the MMM
showed local recurrence, however 2 MCs did (20%). Distant
recurrence was seen in one MMM and MC respectively.
Conclusion: Our study shows that, although MC represents a
supposedly benign tumor lesion, patients have a high risk for new
postoperative deficits. In addition, MC tumors could only undergo 
gross total resection in about of cases. This highlights that
MC represents an, in-part, locally infiltrative lesion, with risk for
clinical worsening.

SP 6 
Introducing a robotic-assisted system in a spine surgery
division – a prospective comparative evaluation
*J. Ulrich1, D. Rappert2, A. Götz2, J. Streikus2, O. Zolotoverkh2, D.
Rohde2, K. J. Schnake2

1Klinikum Nürnberg Süd, Unfallchirurgie und Orthopädie,
Nürnberg, Germany

2Waldkrankenhaus Erlangen, Wirbelsäulenzentrum, Erlangen,
Germany

Introduction: Robotic assisted surgery is continuously getting
more common in spinal surgery. Many studies have already shown
an improvement in the accuracy of pedicle screw placement and a
decrease of surgical revisions. Up to now only a few studies exist
regarding the learning curve and the time needed for robotic
assisted spinal fusions. For Germany no relevant data are available
so far. This prospective and comparative study focus on the
learning curve compared to the standard surgical procedure.
Material and Methods: Single-center prospective data collection
of all performed spinal fusions, whether open (OS) or robotic
assisted (RAS), over a period of 4 months. Evaluation of time
needed for robotic registration and pedicle screw placement,
amount of blood loss, x-ray dose, and complications.
Results: 47 non-randomized patients (mean age 63,1; 17- were
included, of whom 23 underwent robotic assisted surgery (Mazor
X Stealth Station, Medtronic). The average number of implanted
screw for OS was ± 3,73, and for RAS 7,96 ± Blood loss
(ml): OS 110 RAS 93 X-ray dose (cGYm2): OS 204 
±113, RAS 130 ±177. Time for pedicle screw placement (sec): OS

±277, RAS (Fig. 1). Time of robotic registration:
± 10 (Fig. 2). Specific complications for robotic surgery

were all technical difficulties and occurred in 17%: one loss of X-
ray capability, one inability to plan a pedicle screw for due to
CT issues, one collision of the robotic arm with the fixation clamp
at T 9, and on necessity for a double registration.
Discussion: Already during the learning curve the use of the
robotic system reduces non-significantly the intraoperatively
applied radiation dose per screw about 36%, as well as the blood 
loss about both compared to the control group. The overall
time for pedicle screw placement differs because of the required
reference time of about on average, but a distinct learning 
curve is already noticeable. The higher the number of inserted
screws the lower the time difference gets. During the learning 
period substantial time deviations as well as technical
complications must be expected.

Fig. 1

Fig. 2

SP 7 
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the spine – a multicenter, prospective clinical trial for specific
assessment
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Introduction: Health related quality of life (HRQOL) in cancer 
patients with advanced disease comes into focus of therapy. New 
diagnostic and treatment options allow a longer disease control and 
expectancy of life. In parallel, the incidence of a spinal 
involvement by secondary lesions is steadily increasing. A focused 
specific assessment of HRQOL in German speaking patients was 
not performed, yet. 
Methods: In a multicenter, prospective clinical trial patients with 
malignant tumors of the spine were examined during the regular 
therapy at the beginning (t1) and after a month (t2) for HRQL. The 
SOSGOQ-2.0_GER questionnaire, a specific tool for patients with 
spinal malignancies, adapted from English into German, and the 
generic EORTC QLQ-C30 questionnaire ware used to assess 
global health (GH), pain (P), cognitive (CF), social (SF) and 
physical function (PF). For group comparison Welch-test was 
performed. 
Results: In one Swiss and 3 German hospitals 113 patients  
female,  male) were enclosed. In average patients were 64.11(± 
11.9) years old. Most frequent spinal tumors were metastases of 
prostate (n=20), breast  renal (n=10) and lung cancer (n=9). 
Lesions of a multiple myeloma were observed in n=11 patients. In 

 patients therapy was intended palliative, in  curative and in  
unclear at inclusion. Previous to enclosure  patients received 
surgery, 46 radiotherapy and  patients a chemotherapy. 31 
patients dropped out, of those 17 died. Neither at t1, nor between t1 
and t2 significant difference of HRQOL could be found between 
the intended therapies. Compared to patients with a stable course of 
disease  patients with a tumor-reduction between t1 and t2 
(n=16) initially presented lower levels of HRQL in all domains, but 
a likewise dynamic between t1 and t2. Patients undergoing surgical 
treatment between t1 and t2 (n=30) had lower HRQOL levels at t1 
and t2 in all domains  In contrast patients undergoing 
surgery before t1 had lower PF (p=0.01) and more P (p=0.02), but 
a significant improvement in P (p=0.01) and nearly significant in 

 at t2, almost reaching levels of non-surgically treated 
patients. Compared to patients without (n=29), patients with 
complications between t1 and t2 (n=30) presented worse scores in 
all domains (p<0.01). 
Discussion: Despite the intended therapy HRQL is of importance 
in all patients. Tumorreduction is not coercively associated with an 
improvement of HRQL. Surgical treatment has a short-term 
negative effect. In the long term patients improve and reach levels 
of non-surgically treated patients. Complications impact negatively 
on all observed domains of HRQL and require a high attention. A 
specific assessment of HRQL in these patients enables margins for 
future multimodal therapies.  
 
SP 8 
Histomorphometric analysis of osteocyte density and 
trabecular structure of 92 vertebral bodies of different age and 
sex 
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1Universitätsmedizin Rostock, Rostock, Germany 
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Technik, Rostock, Germany 
Klinikum Südstadt, Innere Medizin IV, Rostock, Germany 

Introduction: An investigation of the histomorphometric structure 
of the vertebral body, and the factors which influence this 
structure, is essential to our fundamental understanding of 
osteoporosis and osteoporotic fractures. This study focusses on the 
osteocyte density, a parameter rarely investigated to date, the 
trabecuilar width and bone area fraction of human vertebral bodies. 
Methods: 92 vertebral body specimens  C6, T  T12, L1, L2, 
L3) from 12 males and 7 females have been studied (Ethics 
Application Number: A 2017-0072).The extraction was performed 
using Jamshidi needle®  gauge, 3.263mm) from ventral on the 
prepared vertebra. The punches were decalcified and subsequently 
H.E. stained. Using the program Fiji/Image J (version  
Wayne Resband, National Institute of Mental Health, USA), 
osteocytes were counted and trabecular width and bone area of 
trabecular bone were measured.The collected data was analyzed 
using the statistical software package SPSS, version 23.0 (SPSS 
Inc., Chicago, USA). Pearson correlation coefficient was used for 
correlation analyses. Multiple linear regression analyses were also 
performed. 
Results: There were no significant differences in osteocyte density 
in both sex and age comparisons  years;  years). Men have 
wider trabeculae than women (p<0.001) and higher bone area 
fraction (BA/TA, %)  Individuals over  years of age 
have thinner trabeculae (p<0.001) and smaller BA/TA (%) 
(p<0.001) than younger individuals. Multiple linear regression 
analyses were performed to find out how large the influences of 
'sex' and 'age' are on trabecular width and bone area fraction. R² is 

 for trabecular width and 0.227 for BA/TA (%). Per year of 
age, trabecular width decreases by 0.36  (p<0.001) and BA/TA 
(%) decreases by 0.001% (p=0.001)(Fig.1). Men have on average 

 wider trabeculae than women  is a negative 
correlation (r= -  between trabecular width and osteocyte 
density. The wider the trabeculae, the fewer osteocytes/mm² 

 
Discussion: Surprisingly, we found no difference in osteocyte 
density according to age or gender. There were, however, 
significant age- and gender-dependent differences in bone area 
fraction and trabecular thickness. The age-related differences were 
more pronounced implying that age-dependent loss of bone 
structure may be more important than differences between the 
sexes.  
 
Fig. 1 

 
 
Fig. 2 
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In vitro degenerated bovine discs – differences between 
Chondroitinase ABC and Papain digestion 
*J. U. Jansen1, G. Quelhas Teixeira1, A. Vernengo2, S. Grad2, 
C. Neidlinger-Wilke1, H. J. Wilke1 
1Universitätsklinikum Ulm, Institut für Unfallchirurgische 
Forschung und Biomechanik, Ulm, Germany 
2AO Forschungsinstitut, Davos, Switzerland 

Introduction: Freshly isolated intervertebral discs (IVDs) from 
bovine tails are commonly used for in vitro studies, due to the 
limited availability of human tissues. However, bovine IVDs 
correspond more to young human discs than to degenerated ones 
and thus not to clinical practice. Enzymes have been used to induce 
matrix degradation in bovine IVDs, thereby simulating disc 
degeneration in vitro. But changes in biomechanical properties 
resulting from enzyme degradation have not yet been investigated. 
Hence, this study aimed to treat bovine IVD organ cultures with 
Chondroitinase ABC (ChABC) or papain to simulate degeneration 
and to evaluate them biomechanically, biochemically, and 
morphologically. 
Material/Method: In total,  single motion segments (CY34) 
from  fresh bovine tails were embedded in PMMA. ChABC 

 U/ml), papain  U/ml), or PBS as control (n=6/group) were 
injected into the NP (200 μl). Subsequently, specimens were 
cultured for 7 days (free-swelling, 6% O2, 37°C). Afterwards, 
complex loading using lateral bending, flexion-extension (both ± 
10°), and axial compression  was applied with 2700 cycles 
to mitigate IVD swelling during incubation. The range of motion 
(ROM) and IVD height were determined before and after enzyme 
treatment and after complex loading. IVDs were processed for 
histology and glycosaminoglycan (GAG) quantification (DMMB). 
Statistics: Mann-Whitney-U and Friedman tests  
Results: At day 7, all specimens digested with papain developed a 
void in the NP, while ChABC specimens remained 
macroscopically intact (Fig. 1). After papain treatment, the disc 
height decreased, whereas it increased for ChABC and control 

 Complex loading led to a subsequent decrease of the 
disc height in all groups  After incubation, the ROM 
decreased for ChABC and control but not for papain (shown in 
flexion/extension graph, p=0.002, Fig. 2A). Complex loading 
increased significantly the ROM in all groups  Safranin-
O/fast green staining and GAG quantification showed that both 
enzymes induced GAG loss, with papain displaying a more 
pronounced effect in the NP (Fig. 2B). 
Discussion: Voids and resulting significant biomechanical changes 
indicate a stronger digestion of the tissue with papain treatment 
than with ChABC, supported by the GAG content. For papain, the 
increase in ROM and height loss matches a similar behavior as 
described for human discs with voids resulting from disc herniation 
or nucleotomy [1]. The specific GAG digestion by ChABC led to 
milder structural defects and biomechanical changes; thus, more 
closely mimicking human disc degeneration without voids. These 
new biomechanical results allow the application of ChABC and 
papain digestion to future targeted simulation of different IVD 
pathologies in fresh young bovine tail discs for testing purposes 
and now allow, for example, realistic insertion of nuclear 
replacement material. 
References [1] Wilke et al, 2013 
Acknowledgements iPSpine  
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Already mild intervertebral disc degeneration reduces the 
range of motion of the thoracic spine – An experimental 
investigation using 95 human specimens 
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Germany 

Introduction: The effect of degenerative changes of the 
intervertebral disc on the range of motion was predominantly 
investigated for the lumbar spine in the past, generally exhibiting a 
reduction in flexibility in flexion/extension and lateral bending as 
well as a slight increase in axial rotation with increasing 
degeneration grade [1]. In the thoracic spine, however, solely an 
influence of disc degeneration on the kinematics was shown so far 
[2]. The purpose of this study therefore was to investigate the 
effect of the degeneration grade on the range of motion of the 
thoracic spine. 
Material/Method:  human thoracic spinal motion segments (at 
least n = 4 per level from T1-T2 to T11-T12) from 33 donors  
female /  male, mean age  years, age range 37-  years) were 
loaded with pure moments of  Nm in flexion/extension, lateral 
bending, and axial rotation in order to determine the range of 
motion and the neutral zone. Degeneration grades of all single 
intervertebral discs were assessed using a modified and validated 
version of the grading scheme of Wilke et al. [3] (0 = no, 1 = mild, 
2 = moderate, 3 = severe degeneration). Statistically significant 
differences were evaluated using the Kruskal-Wallis test with 
Dunn-Bonferroni post-hoc correction as well as the Mann-
Whitney-U test, each with a significance level of  
Results: All specimens exhibited degeneration grades between 0 
and 2. In all six motion directions, the range of motion significantly 
decreased for grade 1 as well as grade 2 compared with grade 0, 
respectively (Fig. 1). The strongest decrease was found in 
extension comparing grade 2 with grade 0 (-42%). No significant 
differences were detected between grades 1 and 2 in all motion 
directions. Neutral zone was significantly reduced for grade 1 
compared with grade 0 in flexion, extension, and lateral bending, 
as well as for grade 2 in extension, where the strongest decrease of 
the neutral zone was found (-47%). Donor age did not significantly 
affect the range of motion, whereas the range of motion was 
significantly reduced in specimens from male donors, since the 
mean degeneration grade was significantly increased in male 
donors compared with the female ones.  
Discussion: The results of this study revealed that already mild 
intervertebral disc degeneration reduces the range of motion of the 
thoracic spine, whereas progressing degeneration does not further 
affect the flexibility. Differences regarding the effect of disc 
degeneration compared with the lumbar spine, especially in axial 
rotation, might be explained by morphological differences between 
thoracic and lumbar intervertebral discs or the additional 
stabilizing effect of the rib cage. The effect of grade 3 could not be 
evaluated in this study, while a further, strong decrease of the range 
of motion can be assumed.  
[1] Kettler et al. (2011). Eur Spine J -  
[2] Liebsch et al. (2020). Spine J -  
[3] Wilke et al. (2006). Eur Spine J -730. 
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First Clinical Prevalence Study Evaluating Comorbidity of 
Polyneuropathy and Lumbar Spinal Stenosis 
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V. Baraliu1 
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Lumbar spinal stenosis is, not unlike peripheral polyneuropathy, 
mostly a disease of the elderly. Both their clinical symptoms 
sometimes appear quite similar and can imitate or superimpose 
each other. Yet, there are clear distinctions between both entities 
which are relatively easy to discern. 
A standardized and comprehensive analysis of the published 
literature yielded, to our surprise, no reliable data about the 
prevalence of comorbidity of both pathologies. A clinical 
prevalence study thus was inaugurated to evaluate that topic in a 
cohort of 127 patients: 
Two groups of patients with a total average age of  years were 
formed, one with clinically symptomatic and via MRI classified 
central lumbar stenosis of at least grade Schizas C, and one control 
group without such symptoms and MRI findings. Polyneuropathy 
was evaluated via internationally accepted and validated scores 
(MDNS, MNSI, UENS), the examiner being blindfolded for the 
group assignment. Comorbidity appeared in  of the patients 
with stenosis and in  of patients in the control group, the 
difference being higly significant (p<0.001). A high amount of 
polyneuropathy patients also showed signs of Small Fibre 
Polyneuropathy (SFPNP). This was also significantly less common 
in the control group (p<0.001). The prevalences showed no 
significant differences in men and women. Only a small number of 
these patients had previously been diagnosed or treated for 
polyneuropathy. 
The study was statistically equilibrated for group differences in 
age, BMI, and diagnosed diabetes. An additional matched pair 
study from the same cohort with n=100 patients yielded nearly 
identical results. 
These results are of potentially great value for general treatment 
and also postoperative rehabilitation of patients with lumbar spinal 
stenosis. Accompanying medication must be considered and 
tailored to the needs of stenotic patients with polyneuropathic 
comorbidity. This is an interdisciplinary challenge. Persistant 
polyneuropathic symptoms after surgery must also not be 
misinterpreted as "Failed Back Syndrome" but anticipated and 
communicated to the patient as well as to referring and 
rehabilitating institutions. 
Vice versa, it can be assumed that surgery may sometimes not be 
useful in cases of predominantly polyneuropathic disorders if the 
latter have not been therapeutically addressed beforehand. 
The current deficits in this field will be critically discussed and a 
rationale for evidence based treatment in case of comorbidity 
given.  
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Introduction: Type II Anderson and D'Alonzo fractures of the 
dens axis (DFTII) are common fractures, especially in geriatric 
patients with poor bone status. They require prompt treatment to 
avoid complications including tetraplegia and death. In terms of 
cure rate, surgical treatment options appear superior to 
conservative treatment options in this regard. The current surgical 
gold standard is anterior screw osteosynthesis according to Böhler 
et al.. However, poor bone quality is a negative predictor of 
success. Material loosening and pseudarthrosis frequently occur 
over time. In everyday clinical practice, revision surgery is often 
necessary, which places a burden on the patient and the health care 
system. The aim of this project was to design a novel 
osteosynthesis plate (OSP) for angular stable screw osteosynthesis 
in DFTII and to test it biomechanically in comparison to the classic 
Böhler screw (BS).  
Material/Method: An OSP with a guide sleeve for an angular 
stable screw was designed. The angle for the trajectory of the 
screw was determined using polytrauma CTs without injuries to the 
cervical spine. A plate prototype was then created using a 3D 
printer and subsequently manufactured as a titanium print (Stryker 
Germany). Figure 1 shows the designed, fabricated and implanted 
OSP (Fig. 1). Subsequently, biomechanical testing was performed 
in comparison to the BS in the artificial bone model. A DFTII was 
simulated using osteotomy and then fixed with a regularly used BS 
or the novel OSP. Using standardized dorsal tensile forces and 
ventral compressive forces simulating flexion and extension 
movements between C1 and C2, the osteosyntheses were analyzed 
and compared in static testing using a Zwick material testing 
machine.  
Results: In static testing of ventral compressive forces, the BS 
showed failure at a median maximum force (mFmax) of  N 

 N-  N). In contrast, the OSP showed failure at an 
mFmax of  N  N-217.93 N) (p < 0.001). In static 
testing of dorsal tensile forces, the BS showed failure at an mFmax 
of  N  N-  N). The OSP did not fail in this 
testing up to an mFmax of  (206.79 N-  N) (p < 
0.001). The elasticity of the artificial bone limited the forces at 
higher loads. Excerpts of the force curves are shown in Figure 2 
(Fig. 2).  
Discussion: The results show that our newly developed OSP is 
significantly superior to the classic BS in stabilizing a DFTII in the 
artificial bone in static biomechanical testing of dorsal tensile 
forces and ventral compressive forces (p < 0.001). For further 
biomechanical testing of the novel OSP, dynamic testing on 
artificial bone and subsequent static and dynamic testing in human 
cadaveric bone will now be performed. 
 
Fig. 1 

 
Fig. 2 
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P 5 
Compression force measurement in spinal fusion surgery using 
the proprioceptive effect of muscle force memory of the hand 
*R. Heilmann1, S. Schleifenbaum1, T. Wendler2, A. Völker3,  
P. Melcher3, C. E. Heyde1,3, N. H. von der Höh3 
1Universität Leipzig, Klinik für Orthopädie, Unfallchirurgie und 
plastische Chirurgie, ZESBO- Zentrum zur Erforschung der Stütz- 
und Bewegungsorgane, Leipzig, Germany 
2Universität Leipzig, Institut für Anatomie, ZESBO- Zentrum zur 
Erforschung der Stütz- und Bewegungsorgane, Leipzig, Germany 
3Universitätsklinikum Leipzig, Klinik für Orthopädie, 
Unfallchirurgie und plastische Chirurgie, Leipzig, Germany 

Background: During surgery with a cage, the compression of the 
screw-rod system creates compressive forces between the cage and 
endplates of the vertebrae. It is unclear how much preload is 
applied to the segment and to what extent this has an effect on the 
biomechanics and the outcome of the treatment (e.g. subsidence of 
the cage). There are no guideline values for the compression force 
from the manufacturers, nor are there any studies that investigate 
the effects of compression forces on primary stability. In a two-step 
study it is intended to the extent to which a hand force applied to a 
compression forceps shortly beforehand can be reproduced on a 
hand dynamometer and, in a second step, compression forces were 
measured interoperatively on the cage after fusion surgeries. 
Methods: For the first part, 30 probands of different experience 
levels compressed a 3D-printed replica of a motion segment of the 
lumbar spine with a compressor and adjusted a compression force 
on the screw rod connection "by feel". The compressor is equipped 
with a strain gauge so that the compression force could be 
measured. Directly afterwards, the test persons compressed a force 
sensor with the tool and the same felt force. The force on the strain 
gauge and on the force sensor were recorded. Subsequently, the 
probands tried to reproduce the applied hand force on a hand 
dynamometer at intervals of T=1min,  and  In the 
second part of the study, 116 fusion operations were performed by 
 experienced operators (4 m/1 w) in which the compression force 

was measured by hand dynamometer shortly after completion of 
instrumentation. 
Results: The comparison of the hand force measurement on the 
compressor (163.32 N ±  N) and the hand dynamometer 

 N ±  N) showed no significant deviations between the 
measurement times. Female probands tended to be better at 
reproducing the compression force after  minutes. Lower forces 
were measured in the interoperative measurements (146.32 N ± 

 N). The key results from the second part of the study are 
shown together with those from the first part as a boxplot in the 
graph. 
Discussion: In general, the compression force can be reproduced 
using muscle memory with a margin of error of approximately 

 The measurement method can be used to estimate the hand 
force and associated compressor force. For this reason, 
interoperative measurements can be performed according to this 
principle in the future in order to correlate them with the clinical 
outcome. 
 
Fig. 1 

 

Fig. 2 
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A novel in vitro model of osteoporotic vertebrae 
*H. Krenzlin1, E. Kurz1, C. Blase2, C. Brockmann1, F. Ringel1,  
N. Keric1 
1Universitätsmedizin Mainz, Klinik für Neurochirurgie, Mainz, 
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2Frankfurt University of Applied Sciences, Frankfurt a. M., 
Germany 

Objective: Osteoporosis is the most common age-related 
progressive skeletal disease characterized by bone loss. Pre-clinical 
spinal research often necessitates large animal models. To reduce 
animal sacrifice and exuberant costs there is a high demand of pre-
clinical ex vivo vertebral osteoporosis models. This study aims to 
develop a reliable and translational model to facilitate preclinical 
research.  
Methods: 12 sheep vertebrae were perfused with  TBD-1 
decalcifier solution using a double syringe pump set-up for 24h. 
Bone density (BD) was measured prior and after decalcification 
using dual-energy X-ray absorptiometry (DEXA). To mimic 
implant failure pedicle screws were introduced into one pedicle of 
each vertebra and augmented with polymethylmethacrylate 
(PMMA) cement while non-augmented screws served as control. 
Linear pullout testing was performed. To assess the clinical 
comparability bone density was measured in a cohort of 24 patients 
with dorsal spinal instrumentation with and without implant failure 
(IF) using axial CT scans. Relative BD was compared between our 
cohort and the ex vivo model.  
Results: In our ex vivo model BD measured via DXA prior to 
decalcification was 0.72±0.02 g/cm2 prior and 3±0.04 g/cm2 
after decalcification. BD was decreased by  %. 
Biomechanical testing in untreated vertebrae showed pullout loads 
of 2112±49 NM after augmentation with PMMA and  
without augmentation (p < 0.001). In decalcified vertebrae, pullout 
strength untreated was  NM and  NM after 
augmentation with PMMA. 
Using axial CT scans BD of untreated vertebra was 101.3±24.4 HU 
and  HU in treated vertebra. In our cohort the BD was 

.4±64.32 HU in patients without IF compared to  
HU in patients with IF. The mean BD difference is comparable in 
both our model  and clinical cohort (20.7%).  
Conclusion: We established an easy and robust ex vivo model of 
osteoporotic vertebra. The loss of bone mass is comparable to 
patients with osteopenic bone. The model offers reproducible 
biomechanical testing with good clinical comparability. Thus, the 
number of animals needed in pre-clinical experiments can be 
reduced according to the 3R principle. 
 
P 7 
Biomechanical analysis of C1/C2 fixation using different C1 
screws 
*M. Lenz1, A. Harland1, N. Ott1, P. Egenolf1, J. Bredow1,  
P. Eysel1, M. J. Scheyerer1 
1Uniklinik Köln, Orthopädie und Unfallchirurgie, Köln, Germany 

Introduction: Upper cervical spine injuries typically occur 
bimodally in young adulthood and in the elderly. For surgical 
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fusion of C1/2 in unstable fractures, the Harms technique provides 
sufficient stabilization with good clinical results, and screw 
placement in the atlas can be either in the lateral mass or in the 
pedicle via the posterior arch of C1. Yet little is known about the 
overall biomechanical stability of the construct depending on screw 
localization, which has been the aim of the present study.  
Methods: In this biomechanical study, we performed tests on C1/2 
constructs using five cadaveric specimen with both, lateral mass 
screws and pedicle screws as fixation in C1. After fixation of the 
base plate of C3 in the plastic block, measurements were 
performed in the testing machine (Zwick/Roell Z010, Zwick Roell, 
Ulm, Germany). The tests were performed with axial compression 
only, the force being introduced through the atlanto-occipital joint. 
It was chosen according to the typical weight of a human head. 
Strain gauges were attached to the midline of C1 and C2 and to the 
bilateral rods. Bending forces were measured as μm/m over time. 
The position of the single strain gauge omega was anchored in the 
midline in a radiographically controlled manner. Repeated 
measurements were made for each specimen with 20 cycles of 
force application in -, -, and 100-newton increments. 
Differences and means of maximum and minimum values were 
calculated, and the means of the 20 cycles were pooled.  
Results: Measurement of axial compression force along the 
centerline from C1 to C2 showed lower strain values for lateral 
mass screws at  compared to pedicle screws (142.04 μm/m 
versus  μm/m). This difference remained at compression 
forces of   μm/m versus  μm/m) and 100N 

 μm/m versus  μm/m). The construct with lateral 
mass screws thus showed less ventral deflection of the omega 
under the respective loads than with pedicle screws, suggesting a 
more stable fixation in the given experimental setting.  
Discussion: The present study was unable to demonstrate any 
advantage in the stability of pedicle screws compared with massa 
lateral screws, so that the benefit as well as the use of pedicle 
screws, which are supposedly associated with higher risk, should 
be critically questioned.  
 
P 8 
Longterm Changes of Bone Density with Persistent Spinal 
Cord Injury in Repeated Dual-Energy X-Ray Absorptiometry 
of the Hip and Femoral Neck  
*L. Markthaler1,2, T. Frölich2,3, C. Wilimzig2, M. Shousha1,4,  
H. Böhm1, I. Kurze2 
1Zentralklinik Bad Berka, Klinik für Wirbelsäulenchirurgie, Bad 
Berka, Germany 
2Zentralklinik Bad Berka, Klinik für Paraplegiologie und Neuro-
Urologie, Bad Berka, Germany 
3St. Martinus Hospital, Klinik für Unfallchirurgie, Olpe, Germany 
4Alexandria University, Department of Orthopedic Surgery, 
Alexandria, Egypt 

Objectives: Longterm data on bonemass loss after spinal chord 
injury (SCI) is scarce and so far mostly aggregated data of single 
measurements by different patients were used for analysis. To 
minimze statistical effects, we sought to investigate longterm 
bonemass loss by means of patient specific repeated Dual-Energy 
X-Ray Absorptiometry (DXA) and important clinical aspects. 
Methods: All patients presenting for routine paraplegiologic 
checkup in  were screened for at least one previous DXA-
Measure in our institution at least 1 year after spinal cord injury. 
Patients younger than 16 years, without relevant residual functional 
impairement of the lower extremities or with SCI due to congenital 
or immune-mediated disorders were excluded. Scans were 
performed in-house using standard protocols and same model 
DXA-machines. To avoid measurement inaccuracies after 
instrumented spinal surgery, bonemass density (BMD in g/m²) was 
assessed at at hip and femoral neck level. Furthermore gender, time 
since intial SCI, type of SCI, lesion height, motoric function 
according to ASIA-classification and medical osteoporosis therapy 
at time of measurement were included for further analysis. 
Subsequently, we calculated a mean yearly difference of bonemass 
density -BMD) for each consecutive DXA-Scan per patient and 
formed subgroups in -year-steps after SCI. 

Results: We included 99 Patients (27  60.34  years) with 
 ±1.46 DXA-Scans per patient, conducted  ±9.02 years 

after SCI. Cause for SCI was trauma in  patients, infection in 13, 
post-surgical in 12, vascular in 9 and degenerative nature in  
Height of lesion were cervical  thoracic  and lumbar 
n=16. Complete motoric paraparesis (ASIA A or B) was found in 
42 patients, 24 presented with severe (ASIA C) and 33 patients 
with less severe (ASIA D) motoric deficits. About half of the 
DXA-Scans (n=176 or  were conducted on osteoporosis 
therapy. ANOVA on -BMD inbetween -year groups was highly 
significant (p = 0.001). Post hoc analysis showed that only groups 
within the first  years after SCI differed significantly at p <  
In both, a Multiple Linear Regression (MLR) on non-grouped -
BMD and a Generalized Linear Regression (GLR) on a binary 
outcome "loss of bonemass", the only significantly correlating 
variable was time after SCI; with p = 0.024 on -BMD and p = 

 on loss of bonemass, respectively. After adjusting the models 
for >  years after SCI no significant correlations could be found. 
Conclusions: In our analysis we could not show significant 
changes in bonemass density of the hip and femoral neck more 
then  years after spinal cord injury. None of the assessed 
variables, including lesion height and motoric function, did 
correlate with longterm bonemass-changes. 
 
Fig. 1 
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Influence of cerebrospinal fluid on olfactory stem cells:  
A prerequisite for cell therapy after spinal cord injury 
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Rückenmarkverletzte, Bochum, Germany 
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Klinik und Poliklinik, Bochum, Germany 

Introduction: Cell therapies represent a promising treatment 
strategy to promote neurological function after spinal cord injury 
(SCI)1. In addition to induced-pluripotent and other stem cells, 
olfactory stem cells (OSC), resident in the olfactory mucosa, 
provide another readily available source of neural stem and 
progenitor cells2. In the case of cell transplantation, the cells will 
contact the cerebrospinal fluid (CSF) of the spinal cord. To ensure 
maximum safety for the patient, it is necessary to analyze the 
influence of the CSF on the cells to be transplanted. 
Material/Methods: The viability, proliferation, migration as well 
as the differentiation potential of OSC in the presence of CSF was 
investigated for this purpose. OSC could be isolated from biopsies 
of the olfactory mucosa taken during corrections of the nasal 
septum (ethics vote 16- -3-BR)3. CSF was collected from 
volunteer patients undergoing lumbar puncture for diagnostic 
purposes. Viability and proliferation rate in the presence of CSF 
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were analyzed by AlamarBlue and Calcein-AM/PI staining, and
cell migration by scratch assay. Possible spontaneous osteogenic
differentiation was determined by Alizarin Red S staining. The
neuronal differentiation potential of OSC was tested with and
without CSF using III-tubulin as a marker.
Results: Our study showed that OSCs are vital in contact with
CSF. Furthermore, they proliferate even in the presence of high
concentrations of CSF over a period of 21 days. No decrease
in cell proliferation or migration rate was observed in the presence
of CSF When OSC were cultured in higher concentrations
of CSF they changed their morphology to a more elongated
shape. In addition, their differentiation potential into neuron-like
cells expressing ßIII-tubulin was demonstrated in the presence of
CSF. Spontaneous osteogenic differentiation of OSC in CSF did
not occur.
Discussion: In conclusion, our study demonstrates the feasibility
and safety of autologous stem cell therapy for the treatment of SCI.
In particular, human OSC derived from olfactory mucosa represent
a promising candidate due to their exposed location and easy
access. Moreover, their neuro-regenerative capacity may help in
the treatment of neurological deficits in patients with chronic SCI.
1Ahuja et.al., Concise Review: Bridging the Gap: Novel
Neuroregenerative and Neuroprotective Strategies in Spinal Cord
Injury
2Voronova et.al., Neural Stem/Progenitor Cells of Human
Olfactory Mucosa for the Treatment of Chronic Spinal Cord
Injuries
3Rövekamp et.al., Olfactory Stem Cells for the Treatment of Spinal
Cord Injury: Isolation, Purification and Behaviour in a Plasma Clot
Matrix

P 10
Variability in the distances to the end of the gray matter and
the end of the conus medullaris
*M. Scheer1, B. Griesler2, E. Ottlik2, S. Stadsholt1, C. Strauss1,
H. Kielstein2, C. Scheller1

1Universitätsklinikum Halle, Klinik für Neurochirurgie, Halle a. d.
S., Germany
2Martin-Luther-Universität Halle-Wittenberg, Institut für Anatomie
und Zellbiologie, Halle a. d. S., Germany

Objective: The background for this investigation was the dramatic
course of a 14-year-old girl with a spontaneous hemorrhage in the
area of the conus medullaris resulting in a complete cross-sectional
syndrome. Despite immediate surgical treatment, there was close to
none postoperative improvement. The subsequent histopathological
examination of the removed masses revealed a cavernoma. For a
better understanding of the link between site and symptoms of 
conus medullaris lesions a literature research regarding the
histological features of this structure was performed. This research
did not lead to satisfying results. Although the conus medullaris
syndrome is often described, this is, to our knowledge, the first
investigation of its histological structure.
Methods: We present the histological examination of the conus
medullaris of body donors. The specific slide containing the
ending point of the gray matter was noted. The distance between
the caudal ending of gray matter in the conus and the
macroscopical end of the conus medullaris could be defined as
"gray matter to cone termination-distance" (GMCT-distance).
Furthermore the greatest (a) and smallest (b) diameters of the
conus medullaris were measured. Furthermore we measured body
height, leg length, gender and thickness of the cauda equina fibers.
Results: Gray matter displayed as butterfly figure was found
almost along the entire length of the conus medullaris. However,
there were great individual variations in the distance from the
caudal ending of the gray matter and the macroscopical end of the
conus medullaris. Additionally, the correlation of these differences
with gender, body height, leg length, thickness of cauda equina
fibers, transverse diameter and area of the cross section at the end
of the gray matter was analyzed.
Conclusion: This is the first description of the histological
structure of the conus medullaris and can serve as basis for a better
understanding of neurological deficits of a conus medullaris
syndrome. Findings that the gray matter can be detected far into the

conus medullaris with a great individual ending of the gray matter
are important for operative care of intramedullary masses in this
area and emphasize the importance of neuromonitoring.

Fig. 1

Fig. 2
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during Axial Rotation after Total Disc Arthroplasty and the
Impact of different Prosthesis Types
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Introduction: The development of new cervical disc prostheses is
challenging as their optimization needs to follow physiological
motion patterns. The aim of this study was to examine the
kinematics of the functional spinal unit (FSU) C4- with the
Instantaneous Helical Axis (IHA) during axial rotation in intact
conditions (IC) and after total disc arthroplasty with the Baguera
(Spineart, Plan-les-Ouates, Schweiz; TDA-B) and Rhine (K2M
Inc., Leesburg, Virginia; TDA-R) prosthesis types.
Material and Methods: Ten human FSU C4- ± 7.9 years,
female, 2 male) were examined using an established 6D-measuring 
apparatus during an axially rotating torque. Soft and muscular
tissues were removed from the specimens, ligaments and joint
capsules were left intact. Experiments were performed under IC
and after TDA-B and TDA-R with random order of implantation.
The weight of the head was simulated by preloads N; central,
and 30 mm anterior/posterior/right/left). The direction, location,
and migration of the IHA were calculated. Results refer to a range
of motion from -1° to Due to the presence of non-parametric
data, the Friedman test was used for analysis.
Results: The IHA direction was reclined dorsally by about 20°
under IC. After both TDAs, the degree of recline was significantly
reduced under a central (p < 0.001), and a dorsal preload (p =
0.001) compared to IC. The location of the IHA under IC was
medially at the anterior part of the spinal canal. The eccentric
preloads led to a shift of the IHA locations according to the
preload"s direction. In comparison to IC, the IHA location was found
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in a significantly more anterior position under a central preload after
TDA-R (p = 0.026), more medially under a right (p = 0.006), and left
preload (p = 0.026), and also found more towards the left under a
dorsal preload (p = 0.026). In contrast, after TDA-B, only under a
right preload, the IHA location was significantly more medial
compared to IC (p = 0.006). Under all conditions, the IHA migrated
in a flat, U-shape from one side to the other, according to the
direction of the applied torque. The migration path length was
significantly shorter after TDA-R, compared to IC during an anterior
(p = 0.002) and a left preload (p = 0.006) (Fig. 1).
Discussion: Both TDAs altered the kinematics of the FSU C4- as
shown in the IHA direction. While the IHA locations under IC 
seem to depend, in particular, on the lateral preloads, the IHA was
more medially located after both TDAs. Stronger differences were
observed after TDA-R than after TDA-B, as compared to IC.
Overall, the results indicate a more physiological motion pattern
after TDA-B as compared to TDA-R.

Figure 1: The IHA under IC and after TDA-B and TDA-R
The IHA in IC (A), after TDA-B (B), and TDA-R (C) is depicted
for axial rotation between -1° to Colors indicate different
preloads: Central preload: grey; Dorsal preload: green; Ventral
preload: red; Right preload: yellow; Left preload: blue.

P 12
MRI appearance of adjunct surgical material used in spine
surgery
*F. C. S. Altorfer1, R. Sutter1, M. Farshad2, J. M. Spirig2,
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1Universitätsklinik Balgrist, Radiologie, Zürich, Switzerland
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Background Context: Early postoperative MR images are
frequently necessary after spine surgery. The appearance of 
commonly used adjunct hemostatic agents and dural sealants in
MR images has not been systematically evaluated.
Purpose: The purpose of this experimental study was to
systematically analyze and describe the characteristics of the most
commonly applied hemostatic agents and dural sealants in spine
surgery on early postoperative MR images.
Study Design
Cadaver Study
Methods: Four commonly applied dural sealants (Duraseal®,
Tachosil®, Bioglue®, Tisseel®) and five commonly used
hemostatic agents (Surgiflo®, Bonewax®, Avitene®,
Spongostan®, Gelfoam®) were investigated. The experimental
setting involved a human cadaver where a standard left-sided
laminotomy was performed on nine levels of the thoracolumbar 
spine, and the materials were separately applied and mixed with
fresh blood or water for hemostatic and dural sealants, respectively.
The cadaver model was scanned at a 3 Tesla MRI and the imaging
findings for all materials were compared and systematically
reported.
Results: All investigated dural sealants and hemostatic agents were
distinguishable from the surrounding tissue on MR images with
different appearances on the MR sequences. A detailed atlas for the
identification of the materials in postoperative spine MRI was
established.

Conclusion: Commonly used hemostatic agents and dural sealants
can be successfully identified on postoperative spine MRI.

Fig. 1

Fig. 2g
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The influence of screw trajectory and cage material on 
segmental stabilization, cage subsidence and bone loading in 
transforaminal lumbar interbody fusion (TLIF) – a Finite 
Element Perspective 
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Introduction: While vertebral screws for lumbar fusion can be 
placed using the standard angled, the straight or the cortical bone 
trajectory, there is limited research on the biomechanics of each 
trajectory and their interaction with different TLIF cage materials. 
Our study aims to better understand the influence of screw 
trajectory and cage material on segmental stabilization, cage 
subsidence and on bone loading in the vicinity of cages and screws 
in lumbar fusion surgery. 
Materials and Methods: A nonlinear finite element (FE) model of 
a lumbar spine with reduced bone strength was developed and 
validated with literature data. A TLIF with facetectomy, 
discectomy, banana cage, screws and rods was modeled in segment 
L4-  The screws were placed either with standard  or 
straight (12°) angulation, or with a cortical bone trajectory (Figure 
1), while the banana cages were modeled using titanium (Ti) as 
well as PEEK material properties. The spine was subjected to a 
follower load of 400 N and a flexion of  Nm, the expected 
maximum loading condition. 
Results: Under the given load, the segmental stabilization, the 
volume of plastically deformed bone at the screws and at the cages 
as well as the subsidence into the superior  endplate were 
comparable for all constructs. The results were comparable 
irrespective of whether Ti or PEEK cages were used (Figure 2). 
Discussion: Based on our FE model, the angulated, the straight and 
the cortical bone trajectories show comparable segmental 
stabilization, and they limit cage subsidence as well as plastic bone 
deformation at the cage and the screws, corroborating the findings 
of several in vitro and clinical studies (Sterba et al. 2007, Phan et 
al.  Marengo et al. 2019) that demonstrated non inferiority of 
alternative screw trajectories when compared to the standard 
angled pedicle screw trajectory. Therefore, the three trajectories 
represent biomechanically valid options for the surgeon. The 
biomechanical effect of the lower modulus of PEEK compared to 
Ti remains debated in the literature. Our model shows comparable 
results for constructs with Ti and PEEK cages. These findings are 
in line with in vitro and clinical studies comparing different cage 
materials, where subsidence in the Ti and PEEK cage groups were 
not statistically different (Suh et al. 2016, Cabraja et al. 2012, 
Nemoto et al. 2014, Campbell et al. 2020). 
 
Fig. 1 

 

Fig. 2 
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Background: During the evaluation of the OF-score regarding its
therapy recommendation for osteoporotic fractures (OF) of the
thoracolumbar spine (EOFTT), multiple dialogues with patients
were held. On this occasion, patients seemed to be more anxious
and less active. The aim of this study was to investigate differences
in the subjective psychological wellbeing of the conservative and
operative treated patients. Further, the second goal was to detect, if
there is a correlation between the psychological wellbeing at the
discharge and the functional outcome at the follow-up after 3 
month.
Material and Methods: The impact of the fracture treatment on 
anxiety/depression was investigated through a general linear model
for repeated measurements (GLMRM). The level of
anxiety/depression was determined using anxiety/depression item
of the - a quality-of-life questionnaire at the day of 
admission (TdA), discharge (TdE) and follow-up (FU). The post
hoc pairwise comparisons were carried out using the lower and
upper limits of the confidence interval. The correlations
between the level of anxiety/depression at the TdE and the Barthel-
Index and the ODI (Oswestry Disability Index) at the FU were
examined using bivariate Spearman correlation, respectively.
Results: Out of 494 patients, (male: 93, female: 294) in the
age of 41-97 (average value 74±10) were considered into the
analysis. A continuous and significant reduction of
anxiety/depression (p<0.001) was found. The fracture treatment
(conservative n=130, operative showed no significant
impact in general (p=0.121, figure 1). In stationary course, surgical
treated patients showed a significant reduction of the level of 
anxiety/depression. At the TdE both groups showed equal levels.
The bivariate correlation showed with r=0.230 p<0.001) 
and r=-0.271 p<0.001) a significant connection of the level
of anxiety/depression to the ODI and Barthel-Index at the FU (3±1
months), respectively. The higher the level of anxiety/depression,
the lower the Barthel-Index or the higher the degree of disability in
the ODI (figure 2).
Discussion: The results confirm the thesis of fear reduction during 
the hospitalization and the FU. Especially the surgically treated
patients showed improvement. The level of psychological
wellbeing showed weak, but significance correlation with the
functional disability. The reasons for the level of anxiety should be
evaluated during hospitalization and additionally addressed during 
therapy.

Figure 1: Representation of the fear of surgical and conservative
treated patients with help of - at the time of admission,
discharge and follow-up.

P 15
Clinical trial of a newly developed protocol for CT-based
assessment of the stability of the injured upper cervical spine
*M. K. Jung1, L. Hörnig1, P. A. Grützner1, M. Kreinest1

1BG Klinik Ludwigshafen, Ludwigshafen, Germany

Introduction: As part of emergency diagnostics, CT imaging is
usually performed if injuries to the upper cervical spine are
suspected (1). For the surgeon on call with less experience in spinal
surgery, it is often difficult to assess the stability of the upper 
cervical spine (2). Numerous unstable injuries are even initially

overlooked (3). Within the framework of the present study, a
protocol for CT-based assessment of the stability of the injured 
upper cervical spine was developed based on the current literature
and its applicability was investigated.
Material/Methods: A structured literature search was carried out
with PubMed (www.ncbi.nlm.nih.gov). The most sensitive and
best evaluated instability criteria in CT imaging were determined.
Based on these parameters, the protocol for CT-based assessment
of the stability of the injured upper cervical spine was developed.
As part of a consensus process, the protocol was adapted and
modified several times. For application testing of the new protocol,
CT imaging of the upper cervical spine of four patients (3 x 
unstable; 1 x stable) was examined by 14 physicians in advanced
training as specialists in orthopaedics and trauma surgery, without
experience in spinal surgery. This was carried out in a standardised 
manner using the software IMPAX (Version AGFA;
Belgium). In addition to the assessment of instability, the time
required for the assessment was also recorded and analyzed. The
statistical evaluation was performed with the PRISM software
(version GraphPad; USA).
Results: A protocol for CT-based assessment of the stability of the
injured upper cervical spine could be developed and graphically
displayed based on the current literature. In the applicability study,
the stability of the cervical spine was correctly assessed in of 
assessments In one assessment, a stable upper cervical
spine was judged to be unstable. Further analysis showed that this
case was based on a measurement error. The time of assessment
based on the protocol was significantly reduced (p < 0.0001) over 
the course of 336 ± seconds (first case) to ± 30 seconds
(fourth case).
Discussion: A protocol for CT-based assessment of the stability of
the injured upper cervical spine could be developed, which can be
applied quickly and safely by doctors in advanced training. This
protocol can help the surgeon on call in the emergency care of 
patients with cervical spine injuries to make a decision in the CT-
based assessment of the stability of the injured upper cervical
spine.
References: (1) Guarnieri et al (2016) Br J Radiol ; (2) Liao et
al (2020) Int Orthop; (3) Kowalski et al Am J Roentgenol
149 

Fig. 1
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Treatment and outcome of burst fractures (Magerl et al. A3.2)
of the thoracolumbar junction - Is classification into subgroup
A4 of the AOSpine classification justified? 
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Introduction: While the Magerl classification of 1994 subdivides
burst fractures into 3 groups (A3.1 incompl. Burst fractures, A3.2
burst-split fractures and A3.3 compl. Burst fractures) with 3 further 
subgroups each, the AOSpine classification differentiates only the
subgroups A3 (incompl. burst) and A4 (involvement of the
posterior wall and both endplates). Burst fractures with a non-
displaced or barely displaced fracture component are thus
combined in the same subgroup with complete burst fractures,
which usually involve the entire volume of the vertebral body.
With regard to the comparability of treatment results, this must be
critically questioned.
Material/Method: A retrospective analysis of prospectively
collected data from a level1- trauma center was performed.
Inclusion criteria were: Type A3 fractures (Magerl et al.),
localization Th11-L2, patient age -60 years, fracture age at
surgery < 6 weeks, surgical treatment 01/2009 - 12/2019.
Exclusion criteria were defined as: Neurological status ASIA A-C,
patholog. Fractures, multiple and/or serial injuries of the
thoracolumbar spine. Data collected during the evaluation included
epidemiologic data, location and classification of fracture, type of
treatment, complications, reduction and loss of correction, VAS-
Spine score, and occupational reintegration.
Results: Between 01/2009 u. 12/2019, 302 consecutive patients
(121 u. - years) with A3 fractures (Magerl et
al.) of the thoracolumbar junction were recorded according to the
above inclusion and exclusion criteria and were followed up 
according to a standardized scheme. In 167 cases, a type
A3.1, 66 (22%) times a type A3.2, and 69 (23%) times a type A3.3
injury was present. In the total collective, posterior fixation alone
was performed 37 times, hybrid instrumentation in 13 cases, and
combined instrumentation in patients ventral
monosegmental and ventral bisegmental spondylodeses). The
subgroup of 66 patients with A3.2 fractures was heterogeneous in
terms of treatment and outcome. In 61 of 66 cases a combined 
dorsoventral treatment was performed, whereas in 36 cases a
monosegmental and in a bisegmental spondylodesis was
performed. Common to the 36 patients with ventral
monosegmental fusion was a width of the gap component in the
initial CT of 2mm and a burst component affecting a maximum
of 30-60% of the vertebral body volume. All patents with
ventral bisegmental fusion had a width of the gap component of >
2mm and involvement of more than 60% of the vertebral body
volume (McCormack).
Conclusion: More than half of the burst fractures were equivalent
to incomplete burst fractures (A3.1, AOSpine A3) in terms of 
treatment (number of motion segments fused), complication rate,
functional outcome, and radiologic outcome, which should be
considered in comparative analyses of A4 fractures.

P 17
Evaluation of the OF-score and therapeutic recommendations
for osteoporotic fractures (EOFTT) – Monocentric results of a 
prospective multicenter study
*A. L. Martinez1, B. Ullrich2, P. Schenk2, K. J. Schnake2,3
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Introduction: The aim of the multicenter study (EOFTT) was to
evaluate the recently developed OF-score and treatment
recommendations for osteoporotic thoracolumbar fractures.
Material and Methods: Monocentric evaluation of a multicenter
prospective cohort study. All inpatients with osteoporotic
thoracolumbar fractures with a follow-up between 6 weeks and 12 
months were included and evaluated clinically and radiologically.
Treatment was based on the recommendations of the OF-score.
Results: Over a period of months 60 (69%) of treated
inpatients fullfilled the inclusion criteria. were female. T-
score was 4.04 g/m² ± 0.73, average age 76 ± years and 
had more than one fracture. Classification according to OF was:
OF 1: none, OF 2: OF 3: 23% OF 4: OF 7%. Three
patients suffered from a fracture related neurological deficit.
The median OF-score / quartile) was 7 36 patients
(60%) were treated according to the score recommendations
including 2 (3%) conservative treatments, 29 surgical
treatments, and relative indications for surgery. patients
(30%) were treated surgically despite a conservative
recommendation and 6 patients (10%) vice versa (Fig 1).
Subsequently, after discharge 3 conservative treated patients
needed surgery. Overall, 90% of all patients were treated
operatively of whom 29 received kyphoplasty and (46%) 
a stabilisation with pedicle screws. The overall complication rate
was including one surgical revision due to a hematoma. 3
patients developed adjacent fractures. The average follow-up time
was 32 - 19 weeks (range 6-72). The clinical parameter improved 
significantly from preop to last follow-up (preoperative, day of 
discharge, final follow-up, mean ± standard deviation): VAS back
7.2 ± 2.2; 4.4 ± 2.3; 3.1 ± 2.7. ODI: 71% ± 16%; 61% ± 12%; 36% 
± 19%. Barthel-Index: 72 ± 23; ± 14; 91 ± 13 (Fig. 2). The local
bisegmental kyphotic angle (GDW) showed no significant
improvement over time (preoperative, day of discharge, final
follow-up, mean ± standard deviation): -3° ± 21°; -0° ± 19°; -3° ±
20° (all kyphosis).
Discussion: The recommendations according to the OF-Score lead
to clinical favorable results after months on average. However,
with the overall complication rate is high. The typical
minimal-invasive surgical techniques (kyphoplasty, pedicle
screws) do not improve the local kyphosis.

Fig. 1

Fig. 2
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360° fusion for thoracolumbar burst split fractures: mono-
segmental anterior fusion with sagittal split screw 
osteosynthesis and temporary short posterior stabilization 
*S. Wangler1, L. M. Benneker1, V. Despotidis2, S. Hoppe1,  
M. C. Deml1, M. B. Keel1, C. E. Albers1 
1Inselspital, University Hospital, University of Bern, Department 
of Orthopaedic Surgery and Traumatology, Bern, Switzerland 
2Spitalzentrum Biel, Biel, Switzerland 

Introduction: Different surgical approaches exist to treat 
thoracolumbar burst fractures including posterior only, anterior 
only, and combined anterior-posterior stabilization. The latter 
typically include posterior instrumentation followed by anterior 
corpectomy and bi-segmental fusion. In contrast to complete burst 
fractures, superior/incomplete burst fractures can be treated with 
superior hemi-corpectomies and mono-segmental fusion to 
preserve the inferior motion segment. We developed in new 
surgical technique for burst split fractures (AO type A4, formerly 
Margerl type A3.2). We report the new technique and one-year 
radiographic follow-up of the first series of patients. 
Materials and Methods: A retrospective study was conducted 
including  neurologically intact patients suffering thoracolumbar 
burst split fractures treated with a new technique between 2011 and 
2016. Minimum FU was one year (mean:  The new 
technique involves temporary posterior bi-segmental stabilization, 
followed by screw osteosynthesis of the inferior sagittal split 
through an anterior approach with discectomy, superior hemi-
corpectomy and fusion of the superior segment only. The technique 
aims to preserve the lower motion segment, which is liberated by 
removal of the posterior instrumentation after fracture union. 
Results: Mean age at surgery was  (F:M,  Removal 
of posterior instrumentation was performed after 0.7±0.1 years. 
There was no change in bi-segmental kyphosis 

 p = 0.2), superior segmental kyphosis angle 
(=fused segment's stability,  p = 0.4), inferior 
segmental kyphosis angle  p = 0.1) and segment 
scoliosis (1.6±1.3°/1.7±1.6°, p =  following posterior implant 
removal. Mobility of the inferior motion segment after posterior 
implant removal was present in in all patients (flexion/extension view: 
6.6°±3.2). Progressive disc degeneration in the inferior segment 
(Benneker score) was present in  patients  one year after 
trauma. 
Discussion: Our strategy aims to preserve the inferior intervertebral 
disc in thoracolumbar burst spilt fractures to minimize the number of 
fused segments. Inferior segmental motion after posterior implant 
removal was confirmed in all patients. However, progressive disc 
degeneration was observed in  one year after surgery likely as a 
result of traumatic disc injury. Longer follow-up and larger patient 
numbers are needed to further evaluate the benefits of this technique. 
 
Fig. 1 
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Incidence of complex spinal injuries in Berlin: does the Covid 
pandemic affect the suicidal cause? A single-centre, retrospective 
study from the past six years 
*A. Mulhem1, S. Hammersen1, Z. Omran1, A. A. Alsuliman1,  
D. Moskopp1 
1Vivantes Klinikum im Friedrichshain, Neurochirurgie, Berlin, 
Germany 

Background: Severe spinal injuries are mostly caused by traffic 
accidents, falling or jumping from a great height (suicidal or not-
suicidal). Berlin is not only the capital but also the city with the highest 
suicidal tendencies in Germany. The first COVID lockdown occurred 
in Germany on March 22, 2020. Since then, we, as a maximum care 
hospital and as a multi-regional trauma centre, have observed an 
increase in suicidal jumps from great heights.  
Aim: To review the patients with spinal injuries in the last six years, in 
particular, to examine the cause (suicidal or not-suicidal) and to 
compare these two groups in regard to various characteristics, 
especially the incidence after the COVID lockdown.  
Method: Between January 1,  and May 31, 2021, we reviewed 
retrospectively all electronic charts of patients, who were admitted to 
our hospital with a spinal injury (suicidal or not-suicidal) as multiple 
trauma during this period. Thoracic, thoracolumbar and lumbar spine 
injuries were included. Pathological or oncological as well as cervical 
spinal injuries were excluded. The follow-up period was at least three 
months.  
Results: 71 patients were included (29 women, 42 men, mean age 41 
years see table 1). There were significant differences in age (the 
suicidal group was on average eleven years younger), in the lumbar 
region which was affected twice more in the suicidal group, in the 
initial haemoglobin (2 g / dl less in the suicidal group), and in the time 
of day of the injury. The COVID lockdown was a risk factor for spinal 
injuries caused by suicidal jumping (relative risk 2.36,  CI from 
1.49 to 3.73, with p-  In the years before the lockdown, 
there were fewer cases of spinal injuries due to suicide, with a 
significant increase since March 22, 2020 (see Tab. 2). All patients 
were stabilized in a dorsal approach(43 with short-segment versus  
with long-segment, and eleven percutaneously versus 60 open), 39 
patients out of the whole cohort received combined, dorsoventral 
stabilization. The median follow-up time was four months 
(interquartile range 3-17), complications occurred in ten patients during 
the follow-up period, and one patient died postoperatively (in the not-
suicidal group).  
Conclusion: Since the COVID lockdown, the incidence of spinal 
injuries caused by suicidal jumping has increased by a factor of 2.36 in 
Berlin, patients with a suicidal cause of injury are significantly younger 
(on average 11 years), so the Covid lockdown has a significant 
influence on the occurrence of spinal injuries due to suicidal cause. 
Surgical care was necessary for all patients with various stabilization 
approaches, with very low mortality. 
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The feasibility of thoracoscopic spine surgery in the prone
position: A review of 2496 cases
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1Zentralklinik Bad Berka, Germany and Alexandria University,
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Introduction: Thoracoscopic spine surgery or video-assisted
thoracic surgery (VATS) of the spine has greatly evolved since its
introduction in the early 1990s. The lateral position has
traditionally been used when performing this technique. Although 
some authors have reported about the thoracoscopic procedure in
the prone position, the published data deal with a limited number
of cases and usually without including the whole spectrum of
spinal pathologies. The aim of this work is to convey the benefits
and safety of this technique in the surgical treatment of different
spinal pathologies.
Material and Methods: A retrospective analysis of prospectively
collected data was performed for all patients who underwent
thoracoscopic spine surgery in the prone position from a single
institution. In all patients, the surgery was performed in the prone
position using a bi-portal technique combined with posterior 
fixation. A regular single-lumen endotracheal tube was used in the
majority of cases. Three-dimensional thoracoscopy was introduced 
in and this modality was applied in the last 179 patients. The
medical records were reviewed to determine the demographic data,
indications for surgery, as well as any approach-related
complications necessitating surgical revision in the operating
theatre.

Results: Between 1994 and 2021, 2496 underwent thoracoscopic
assisted spinal surgery in the prone position in our institution.
There were 1214 females and males with a mean age of 

years (1 to years). The indications for surgery were:
fractures in 621 patients (101 old fractures with kyphosis and 
recent unstable fractures), ankylosing spondylitis with kyphosis in
172 patients and with Anderson lesion in patients, degenerative
disease in patients (90 adjacent segment disease, disc
prolapse, and degenerative stenosis and instability), deformity
in 344 patients (Idiopathic scoliosis in 230, Scheuermann Kyphosis
in 36, congenital scoliosis in 36 and neuromuscular scoliosis in 42
patients), spinal tumors in 114 patients, and spondylodiscitis in 416
patients. Approach-related complications necessitating surgical
revision were reported in 14 patients (0.6%). The revision was due
to bleeding in 7 patients, residual stenosis with or without kyphosis
in 4 patients, and deep infection in the remaining three patients.
Conclusion: Thoracoscopic spinal surgery in the prone position
using the bi-portal technique is both safe and effective. A
significant operative time is saved with the elimination of
repositioning and redraping before the posterior procedure. All
spinal pathology entities necessitating anterior thoracotomy could
be treated using this technique. Approach-related complications are
rare with an incidence of 0.6%.

Fig. 1
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Introduction: Osteoporotic thoracolumbar fractures (OF) have
high relevance and their therapeutic options are controversial
discussed. The evaluation of the OF therapy score (OF score) and
its therapy recommendation for osteoporotic thoracolumbar
fractures (EOFTT study) collect and investigate data for this
purpose.
Materials and Methods: Data collection started 2017, OF-
treatment related, in a prospective and multicenter manner.
Inclusion criteria were OF. Exclusion criteria were
spondylodiscitis, tumor disease and multiple injuries. Age, sex,
trauma history, OF classification, radiological imaging, performed
therapy and complications were investigated in this study.
Results: In total, data from subjects men, 364women)
aged years (41-97) could be analyzed. 320 patients
reported a trauma, 10 (2%) could not give any information and in

(33%) a trauma could not be remembered. MRI and CT scans
were combined 333 times during the inpatient stay. On admission,
the distribution on OF classification was as follows: OF1: 4 (1%),
OF2: 132 (27%), OF3: 206 (42%), OF4: 124 and 23 

The therapeutic procedures in categories (conservative,
standalone kypho-/vertebroplasty, hybrid fixation, > 2-level
posterior fixation and anterior-posterior fixation (open or
percutaneous)) are given in Table 1. Orthoses were prescribed for
conservative treatment in (N=29). Physiotherapy was
prescribed in 146 cases. Until FU in 13 cases, changed to surgery.
Fracture upgrade occurred times by 1 level (3x OF2 to OF3, 2x
OF3 to OF4). The neurological status was regular in of 
patients at admission. One parapareses and eleven radiculopathies
were present. In 10 patients, neurological findings improved during 
the course of treatment. Neurological complications occurred in 10
additional patients. Complications requiring revision surgery
occurred at discharge by 6 (2%, 1x OF2, 4x OF4, and at
FU additional by 11 patients (4%, 2x OF3, 9x OF4). Adjacent level
fractures occurred at FU in 22 surgically (12%) and in 6
conservatively (9%) treated patients. With 9% of surgically and 2%
of conservatively treated patients, urinary tract infections were the
most of general complication during hospitalization.
Discussion: Approximately 2/3 of patients are treated surgically.
The higher OF classification, the more invasive surgery is
performed. The treatment is in line with the recommendations of 
the Spine Section of the German Orthopaedic and Trauma Society.
CT and MRI are combined for diagnostic in 70%. Conservative
treatment is often without orthoses. Complications requiring 
surgical revision occur with low frequency, so that the performed 
therapies can be described as safe. Attention should be paid to
urinary tract infections, especially in surgically treated patients.
Adjacent level fractures are an unsolved problem of surgical and
conservative therapy.

Fig. 1
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Analysis of the presentation and the results of the surgical
management of cervical spine fractures in Ankylosing
Spondylitis patients. Study of 110 operated patients in two
spine centres
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Introduction: Cervical spine fracture in Ankylosing spondylitis
(AS) can occur after mild trauma and even without a history of 
trauma. In this work, a two-centre study was performed. This work 
aims to study the clinical presentation of cervical spine fractures in
ankylosing spondylitis patients and assess the surgical management
of these fractures.
Material and Method: Retrospective database analysis of the
prospectively collected data in two level-1 spine surgery centres
was performed. Both spine centres have standard database registers
for all the admitted patients, including; preoperative history,
operative profile, and the regular postoperative follow-up.
Inclusion criteria: Surgical treated AS with cervical spine fracture
diagnosis (from C1 to Th3) with postoperative follow-up minimum
of 12 months.
Results: 110 patients female) met the inclusion 
criteria. The mean age was ± years. The mean time
between trauma and surgical treatment was 49.22 ± 42.32 (range 0
to 320 days). In most patients, there was a history of mild trauma
(72 patients The clinical presentation was a pain in all
patients. In 27 cases (24.6%), a neurological deficit was diagnosed 
at the time of admission. The most common fracture level was
C6/7 in 63 patients The VAS was 7.3 ± 1.2, and ODI
was 34.2 ± in the preoperative clinical assessment. The mean
preoperative kyphosis angle was ± 26.2 degrees of kyphosis
between C2 and C7.
The anaesthesia preparation time was of a mean of .7 ± 23.4
minutes. The positioning of the patients on the operation table took
a mean of ± minutes (between and 90 minutes). The
surgical approach was dorsal in patients a combined in

patients (40.9%), and ventral only in 6 patients ( The
mean number of the fixed levels was 6.3 levels (range
between 2 and 12 levels fixed.
Intraoperative complications occurred in 9 patients
Postoperative Cobb angle improved to a mean of 17.3 
degrees. Postoperative neurological improvement occurred in 20 
patients of the 27 patients presenting with neurological deficits. In 
12 patients, the recovery was complete, and in patients, the
improvement was partial. The mean postoperative follow-up time
was 46.3 ± months (range between 12 and 192 months). VAS
improved to 3.2 ± 1.4, and NDI improved to 14.7 ± 6.2 at the last
postoperative visit. The improvement of both VAS and NDI was
clinically significant (p=0.01 and 0.00, respectively).
Conclusion: High suspicion of cervical spine fractures is necessary
for patients with ankylosing spondylitis. CT scan and MRI are
necessary to rule out a cervical spine fracture in ankylosing
spondylitis patients. Surgical treatment is safe, and the posterior 
approach with long-segment fusion is the approach of choice in
cases of cervical spine fracture in ankylosing spondylitis patients.

P 24
Experimental evaluation of external stabilization with cervical
collar of geriatric patients with type II dens fracture
*M. K. Jung1, P. A. Grützner1, G. von Ehrlich1, H. Keil1,
M. Kreinest1

1BG Klinik Ludwigshafen, Ludwigshafen, Germany

Introduction: The number of dens fractures in the geriatric
population is steadily increasing (1). In particular, due to falls in
the home environment and poor bone quality, type II dens fractures
according to Anderson and D'Alonzo occur especially frequently in
the geriatric patient population (2). In prehospital rescue of 
geriatric patients, immobilization with cervical collar is
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controversial. Clear instructions for the procedure do not exist (3,
4).
The aim of the present study is to analyze the physiological motion
of the cervical spine in geriatric patients and to compare it with the
pathological motion in type II dens fracture in relation to
immobilization.
Material/Methods: The examination of the upper cervical spine
was performed on geriatric unfixed human preparations. Motion
analysis was recorded and evaluated using motion trackers. A
geriatric type II dens fracture model was developed. In this model,
the type II dens fracture was induced via a transoral approach.
The resulting physiological and pathological flexion and lateral
inclination of the cervical spine were analyzed. Movement after
external stabilization with a cervical collar was then analyzed.
Results: The new geriatric type II dense fracture model was
successfully established in seven unfixed human cadavers.
Pathological flexion of the cervical spine was significantly
increased compared to physiological flexion (p = 0.027). The
application of a cervical collar significantly reduced flexion and
lateral inclination: for flexion, the mean residual motion was
significantly reduced (p = 0.0017) from 37° to 14°; for lateral
inclination, the mean residual motion was significantly reduced (p 
= 0.0137) from to °.
Discussion: In type II dens fractures, flexion and lateral inclination
of the cervical spine are increased due to spinal instability.
Therefore, the placement of a cervical collar should always be
considered in geriatric patients with a suspected Dens fracture, as
external stabilization can significantly reduce cervical spine
motion.
References: (1) Smith et al, 2010, J Spinal Disord
(2) Meyer et al, Der Unfallchirurg
(3) Walthers et al, 2013, Neurosurgery 
(4) NICE Guidelines, 2016, NHCE

P 25
Analysis of the postoperative application of cervical collars in
injuries to the subaxial cervical spine
*P. Raisch1, M. K. Jung1, S. Y. Vetter1, P. A. Grützner1, M.
Kreinest1

1BG Klinik Ludwigshafen, Unfallchirurgie und Orthopädie,
Ludwigshafen, Germany

Introduction: Evidence-based recommendations for the post-
operative treatment and the application of soft or rigid cervical
collars after operative treatment of injuries to the subaxial cervical
spine are not available so far. Cervical collars can restrict peak
range of motion and serve as a constant reminder to the patient [1,
2]. However, cervical collars are also known to cause
complications such as pressure ulcers and pain and may
furthermore mechanically compromise the patient"s breathing [3,
4]. The aim of this online-based survey among German spine
centers was to gain an overview of the postoperative treatment and
the application of soft or rigid cervical collars after operative
treatment of injuries to the subaxial cervical spine.
Materials and Methods: An anonymous online-based survey was
conducted among all spine centers which were certified by the
German Society of Spine Surgery as "maximum care spinal center"
or as "specialized spinal center" (date: 13.01.2021). It comprised 
seven items and the option of adding remarks in the form of free
text. In addition to the type and duration of possible post-operative
cervical collar use, questions concerned the importance of various
influencing factors on the chosen postoperative treatment plan and
the participants" satisfaction with the current handling of the
postoperative treatment of subaxial cervical spine injuries.
Results: The return rate was 63% (37 out of Of the 37 
analyzed spine centers, routinely apply a cervical collar
postoperatively, 27 % apply a soft and 16 % a rigid cervical collar,

% sequentially apply first a rigid and later a soft cervical collar.
Less than half of the spine centers (43%) routinely use no cervical
collar. Rigid collars are applied for more than six weeks and soft
collars up to six weeks in some spine centers. Standardized post-
operative treatment plans are common. The selection of the
postoperative treatment plan depends primarily on the type of
injury and method of operation and partly also on patient age and

bone quality. The satisfaction of German spine centers with the
current handling of postoperative treatment of subaxial cervical
spine injuries is high.
Discussion: Evidence on advantages and disadvantages of the
postoperative application of cervical collars is insufficient.
Randomized controlled trials do not exist. Thus, the postoperative
treatment of injuries to the subaxial cervical spine at German spine
centers is very heterogenous.
Literature
[1] Whitcroft et al (2011) J Manipulative Physiol Ther 34
[2] Schleicher et al Global Spine J
[3] Ham et al (2016) Injury 47
[4] Totten et al (1999) Prehosp Emerg Care 3 
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Epidemiology of spinal fractures in the adult german
population between 2009 and 2019.
*S. Lang1, N. Walter1, V. Freigang1, M. Loibl2, V. Alt1, M. Rupp1

1Universitätsklinikum Regensburg, Klinik und Poliklinik für
Unfallchirurgie, Regensburg, Germany
2Schulthess Klinik, Wirbelsäulenchirurgie, Zürich, Germany

Background: Vertebral fractures are an important cause of
morbidity and mortality with high socioeconomic significance.
Previous data on the incidence of vertebral fractures are usually
based on estimates or multicenter studies. The aim of the current
study was to present nationwide rates of hospitalized patients with
spinal fractures over a 10-year period through 2019.
Methods: Trends in the incidence of spinal fractures were
quantified based on annual ICD-10 diagnosis codes from German
medical facilities between 2009 and 2019, which were provided by
the Federal Statistical Office (Destatis). Prevalence and incidence
of fractures were quantified using the ICD-10 Codes "S12.0-2;
S22.0; S32.0; S32.1-2". The relative change from 2009 through 
2019 was determined for C1 and C2 fractures, subaxial cervical
spine, thoracic spine, lumbar spine and saccro-coccygeal fractures.
Gender and age distribution were calculated, respectively.
Results and Conclusion: The number of total spine fractures
increased by between 2009 and 2019, from 000 
inhabitants to 000 inhabitatnts. Lumbar spine fractures
showed the highest incidence in 2019 with 000 
inhabitants of all spine fractures), followed by thoracic
spine fractures with 41.3/100 000 inhabitants (27.4% of all spine
fractures). The highest increases in cases during the 10-year period
were seen in subaxial cervical fractures and sacral
fractures 63.7% of spinal fractures in 2019 were
diagnosed in women and 69.0% in patients older than 70 years.
Only fractures of the subaxial cervical spine affected more men
than women (female/male ratio: 1:1.9). Considering only patients
younger than 60 years, of all spine fractures showed up in
male patients in 2019.
Conclusion: The evaluation of 091 spine fractures between
2009 and 2019 showed a relevant increase in the incidence rate,
highlighting the challenge for stakeholders in the health care
systems. The age and gender distribution suggests an increase in
the diagnosis of osteoporotic spine fractures.

Fig. 1
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Genome-wide methylation profiling of spinal meningiomas 
*F. Ricklefs1, K. Fita1, K. C. Mende1, J. Forisch1, M. Westphal1,  
U. Schüller2, S. O. Eicker1 
1Universitätsklinikum Hamburg-Eppendorf, Neurochirurgie, 
Hamburg, Germany 
2Universitätsklinikum Hamburg-Eppendorf, Neuropathologie, 
Hamburg, Germany 

Background: Spinal meningiomas account for 1.2-12 % of all 
meningiomas and -  % of all spinal tumours. About 20 % of 
intracranial, but only 4.6 % of spinal meningiomas recur and 
require additional treatment. Whereas the classification of 
intracranial meningiomas has evolved considerably in recent years 
and uses genetic as well as epigenetic parameters, the classification 
of spinal meningiomas is based solely on histopathological 
findings. By embedding epi-/genetic features, the prognosis of 
intracranial meningiomas could be significantly improved, which is 
still lacking for spinal meningiomas. In our work, we integrated 
genetic[S1] and epigenetic parameters into the classification of 
spinal meningiomas in order to better predict the risk of 
meningioma recurrence and to guide decisions on adjuvant 
treatment. 
Methods: Methylation profiles  / EPIC array) from 16 spinal 
meningiomas were imported using the minfi package, followed by 
a batch correction (lima batch effect removal) and normalization, 
resulting in a methylation intensity matrix of beta-values. 497 
intracranial meningiomas were used as a reference cohort. Copy 
number variations (CNV) were inferred from the methylation data. 
Principal component (PCA) and t-SNE analysis were conducted. 
Clinical and histopathological parameters (location, size, 
recurrence, WHO°, pathological subtype) were correlated with 
methylation signatures, that were additionally classified using the 
DKFZ brain tumour classifier.  
Results: The methylation signature of spinal meningiomas 
matched to that of intracranial meningiomas (16/16), although 
subgroup assignment was achieved in only  cases[S2] . 
Remaining spinal meningioms (11/16) seem to form an individual 
methylation subgroup. Within the spinal meningiomas, 2 different 
methylation subclasses were found (group A 13/16, group B 3/16), 
further distinguished by a chromosome 22q loss[S3] . No 
significant differences regarding localization or size were obvious. 
Conclusion: Spinal meningiomas can be correctly identified by 
their global methylation profile. Yet, they seem to have their own 
subgroups marked by distinct chromosomal variations, which may 
allow an improved prognosis that could lead to a better guidance 
for adjuvant therapy.  
 
P 28 
Navigated carbon-fiber reinforced PEEK instrumentation 
using intraoperative CT, robotic cone beam CT and cone beam 
CT in spinal oncology 
*V. Hubertus1, L. Wessels1, A. Früh1, D. Tkatschenko1, I. Nulis1, 
G. Bohner2, V. Prinz3, J. S. Onken1, M. Czabanka3, P. Vajkoczy1, 
N. Hecht1 
1Charité - Universitätsmedizin Berlin, Neurochirurgie, Berlin, 
Germany 
2Charité - Universitätsmedizin Berlin, Neuroradiologie, Berlin, 
Germany 
3Goethe Universität Frankfurt / Main, Neurochirurgie, Frankfurt a. 
M., Germany 

Objective: In spinal oncology, new materials such as carbon-fiber 
reinforced PEEK (CFRP) increase the quality of radiological 
follow-up and adjuvant radiation therapy planning through the 
reduction of imaging artifacts. However, little is known about the 
performance and assessability of CFRP screws in real-time spinal 
navigation together with state-of-the art intraoperative imaging. 
Here, we determined the accuracy and assessability of navigated 
CFRP pedicle screw instrumentation using intraoperative CT 
(iCT), cone beam CT (CBCT) and robotic cone beam CT (rCBCT) 
imaging. 

Methods: In this single-center retrospective cohort study, 33 
patients with spinal tumors underwent navigated posterior spinal 
instrumentation with CFRP implants using iCT, rCBCT or CBCT 
imaging. Demographic, clinical and outcome data was assessed 
and 4 independent observers of different experience (PGY1 
resident, PGY6 resident and 2 experienced spine surgeons) that 
were blinded towards the cases and the intraoperative imaging 
modality determined CFRP screw assessability and placement 
accuracy according to the 2mm-increment method (modified 
Rampersaud A-D). Inter-observer reliability was tested using 
Fleiss` Kappa analysis. Ethical approval (EA4/063/20) was granted 
by the local ethics committee. 
Results: Between 2  and 2021, 243 navigated CFRP pedicle 
screws (iCT: 93, rCBCT: 99, CBCT:  were implanted. CFRP 
screw assessability and correct placement (defined as screw 
placement completely within the pedicle or with a pedicle breach < 
2mm) was highest in iCT-(74%), followed by rCBCT (69%)- and 
CBCT (49%)-based navigation. For all pedicle breaches, the mean 
ratio of the screw diameter and pedicle isthmus was > 1. The time 
required for post hoc accuracy assessment using a standardized 
DICOM viewer was longest in CBCT data sets (median  vs. 
120 s). Imaging quality was rated highest in iCT imaging without 
difference between observers. Interestingly, inter-observer 
reliability for CFRP screw accuracy and assessability was lowest in 
CBCT imaging but relevant breaches > 2mm were reliably detected 
by all raters and regardless of the imaging modality or observer 
experience.  
Conclusions: Spinal navigation and accuracy assessment of CFRP 
pedicle screws with different state-of-the-art intraoperative imaging 
modalities appears technically feasible and safe and despite clear 
differences in image quality, relevant pedicle screw breaches were 
reliably identified by all raters regardless of the imaging modality 
and surgical experience.  
 
P 29 
Surgical decompression of the spinal cord for spinal 
metastases: Timing and outcome 
*H. S. Meyer1, A. Wagner2, A. Raufer2, A. K. Jörger2, J. Gempt2, 
B. Meyer2 
1Klinikum rechts der Isar, Technical University Munich, 
Department of Neurosurgery, München, Germany 
2Klinikum rechts der Isar, Neurochirurgische Klinik, München, 
Germany 

Background: Patients with acute spinal cord injury (SCI) due to 
compression by spinal metastases (SM) may experience long-term 
functional impairment. It has been established that surgical 
decompression improves neurological outcomes, but the effect of 
early surgery remains uncertain. Our objective was to evaluate the 
impact of early versus late decompressive surgery with or without 
instrumentation for acute SCI due to SM.  
Methods: We retrospectively reviewed a consecutive cohort of all 
patients undergoing surgery for SMs (decompression, 
instrumentation, or both) at our institution. We determined the 
prevalence of acute SCI; the time between onset of symptoms as 
well as between acute neurological deterioration and surgery; and 
neurological impairment graded by the ASIA scale upon 
presentation and discharge.  
Results: 693 patients were screened (mean age: 66 years; 39% 
female). Most common locations of the SM were the thoracic 

 and lumbar (21.6%) spine. 144 patients (  presented 
with acute SCI, defined as neurological impairment corresponding 
to ASIA grade D or lower acquired within up to 72 hours before 
admission. All of these patients underwent surgical decompression 

 had additional instrumentation;  from posterior only, 
and  with additional vertebral body replacement). The median 
time from admission to surgical intervention was 14±14 hours in 
patients with acute SCI, compared to 119±274 hours in the non-
acute group (301 patients) that also underwent decompression but 
had a symptom onset between 72 hours to  days before 
admission (p < .001). Within the group of patients with acute SCI, 
those who underwent early surgical intervention (i.e., before the 
median 14 hours) had a significantly higher rate of ASIA 
improvement by at least one grade at discharge (24.7%) compared 
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to those who had surgery after 14 hours (11.3%; p = .037). The 
early subgroup had a median hospital stay of 17 days compared to 
16 days for the late subgroup (p =  There was no difference in 
the surgical revision rate between the late and early surgery 
subgroups  vs. 11.6%, p =   
Conclusion: Timely surgical intervention is pivotal for patients 
presenting with acute SCI due to metastatic compression, 
substantially improving functional outcomes. While it is difficult to 
determine a clear time cut-off, the treatment strategy should entail 
the earliest possible surgical intervention.  
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Management of vertebral column lesions in multiple myeloma 
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universitäres Wirbelsäulenzentrum, Hamburg, Germany 
3Sigmund Freud Privatuniversität, Wien, Austria 
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Charité - Universitätsmedizin Berlin, Hämatologie und Onkologie, 
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Introduction: Multiple Myeloma (MM) is a plasma cell tumor 
causing anemia, renal failure, and distinct bone destruction. In 
advanced stage, more than  of MM patients suffer from 
vertebral column lesions, leading from acute and chronic pain to 
neurological deficits. Indications for reconstructive surgery are 
made with restraint because of an allegedly high complication rate 
including hardware failure and surgical site infections. However, 
structured data assessing different types of spine surgery in MM 
patients is lacking. The aim of this study is to present such clinical 
data of a large cohort of MM patients suffering from vertebral 
column lesions. 
Material /Methods: Patients with vertebral column lesions due to 
MM were enrolled in this study at two academic oncological 
centers in Germany between  – 2020. Data sets were 
retrospectively assessed regarding epidemiological, clinical, 
oncological, treatment and outcome data. Surgical data included 
surgical technique, duration of surgery and associated 
complications. The spinal instability neoplastic score (SINS) of 
every vertebral lesion was assessed. For data management, 
REDCap® database was utilized. Ethical approval (EA4/063/20) 
was granted by the local ethics committees. 
Results: A total of  patients were enrolled in this study, 
suffering from a total of 2132 vertebral column lesions. Median 
age at diagnosis was 63 years. 76% suffered from vertebral pain 
and  from neurological deficits. 63% of the patients received 
surgery (632 vertebral lesions), of whom  received kypho- or 
vertebroplasty - decompression, and  reconstructive surgery. 
In detail,  received posterior decompression  fusion (16% 
percutaneous), 3% anterior fusion  corpectomy, and 23% 
posterior or 360° fusion  corpectomy. Surgical complications 
occurred in 3% (kyphoplasty) and 6% (reconstructive surgery). In 
47% surgery was performed not initially but at a median 4 years 
following the diagnosis of the vertebral lesion. The leading 
indications for surgery were pain (70%), followed by spinal 
instability according to SINS (61%). Median SINS was 
significantly higher in surgically treated (14) than in conservative 
cases  but did not differ between patients treated with 
kyphoplasty or reconstructive surgery. 
Discussion: With this study, we report on a large cohort of  
MM patients of which the majority (63%) received instrumented 
spine surgery. Vertebral pain and spinal instability according to 
SINS were the leading causes for surgery. With respect to spinal 
metastases of other entities, we see a comparatively low 
complication rate in patients treated with kyphoplasty or with 
reconstructive surgery, but prolonged time from initial diagnosis of 
symptomatic spinal lesion to surgical management. Further 
prospective cohort studies are needed to generate robust data on 

optimal timing and technique of surgical intervention in MM 
patients.  
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Modified Needle Guidance for accurate, non-invasive 
Navigation for vertebral metastases using the example of 
Kypho-IORT 
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1Universitätsmedizin Mannheim, Orthopädisch-Unfallchirurgisches 
Zentrum, Mannheim, Germany  

Introduction: Kypho-IORT is an operative combination, in which 
intraoperative local radiation of vertebral metastases and a 
kyphoplastie are perfomed on one session. The advantage of is a 
tumorcidal effect of IORT combined with excellent reduction of 
pain due to cement augmentation of the affected vertrebral body 
which were proved in multiple clinical studies [1]. For achieving a 
high effectivity of the radiation at the same time with steep dose 
reduction, it is necessary to reach a certain exactness for finding 
the planned isocentrum. The consideration of the modification are 
based on the publicized precision IORT calculation [2], which 
makes an exact predication of diffusion of low-energy radiation in 
bone and metastases. Due to all methods having disadvantages, we 
focused on the procedure of modified Needle Guidance and 
modified this for use for Kypho-IORT. 
The important questions to ask include: How can the isocentrum be 
reached optimal? How can the intraoperative imaging for 
improving the accuracy be optimised? 
Methods: In 10 applications, matching of preoperative and 
intraoperative CT was done to compare how exact the planned and 
true isocentrum for radiation match. Pathplanning was done with 
computertomografie, as shown in (figure 1 Pathplanning, the arrow 
indicates the isocentrum). This experimental work with clinical 
application includes patients with dorsal spondylodese and patients 
with spine metasases. 
One isocentrum was defined by preoperative computertomografie 
and intraoperatively was verified, how exact the isocentrum could 
be reached. 
Results: The true isocentrum deviates maximally 11,04mm from 
the planned isocentrum, therefore the isocentrum for radiation 
could not always be reached exactely. The more experience the 
operater had, the less distance was found until the isocentrum was 
reached exactly. Due to performing an intraoperative 
computertomografy, the localisation can be checked and the 
isocentrum can be corrected if necessary. Furthermore matching of 
fluoroscopy and computertomography decreased radiation 
exposure while showing the same results. 
Discussion: The standard application of Kypho-IORT with 
flouroskopy is already an effective procedure for patients with 
vertebral metastases resulting in pain reduction and effective local 
tumor control. The modified needle guidance can improve the 
exactness and theoretically in better tumor control. 
In this small clinical study, it could be proved that translation of the 
navigation is technically possible and therefore can be intergraded 
in clinical routine 
[1] Bludau, F., Phase I/II trial of combined kyphoplasty and 
intraoperative radiotherapy in spinal metastases. . Spine Journal, 

 18  p. 776-  
[2] Schneider, F., et al., Precision IORT - image guided 
intraoperative radiation therapy (igIORT) using online treatment 
planning including tissue heterogeneity correction. Physica 
medica, 2017. 37: p. 6. 
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Introduction: Chordoma is a rare, locally aggressive, 
osteodestructive and metastasizing tumor deriving from the 
primitive notochord. It can occur anywhere along the spine and 
forms approximately 20% of all primary spinal tumors. Current 
neoadjuvant and adjuvant therapy seems to be ineffective as 
chordomas are chemo- and radioresistant to regular doses of 
radiotherapy. However, a standard radio- and chemotherapy as 
well as surgical procedure is not established so far. In addition, 
little is known about prognostic markers for tumor recurrence. The 
purpose of this study was to analyze the course of the disease of 
surgically treated patients suffering from spinal chordoma. 
Methods: All patients with histological confirmation of chordoma 
localized in the mobile spine and sacrum, which were operated 
from January  to December 2020 in our institution were 
included. All patients were planned or has underwent a 
postoperative radiotherapy. Clinical data, (neo)adjuvant treatment, 
radiological diagnostics, surgical approach and histological 
examination were analyzed retrospectively. SPSS Statistics 26 was 
used to perform Chi-square and one-way ANOVA test. P value  

 was considered statistically significant. 
Results: 13 patients with histological confirmed chordoma in spine 
from 2 to  years with a mean of  (±  standard 
deviation) were operated during this period. Male to female ratio 
was 1:  The mortality amounted   during this 
period. The anatomic distribution was 69,2% (n=9) cervical, 7,7% 
(n=1) thoracal and 23,1% (n=3) sacral. 62%  of all surgically 
treated patients with spinal chordoma developed recurrence after 
radiation.  (n=4) of these patients previously underwent 
additional chemotherapy, target therapy or immunotherapy. 
Furthermore,  (n=7) evolved multiple osseus, pulmonary, 
hepatic, kidney, gastric or even epicardial metastases. In 
histopathological characteristics, a higher Ki 67/ MIB-1 
proliferation index was correlated with an increased rate of tumor 
recurrence, higher incidence of metastasis and the shorter patients" 
overall survival (p  0,001). 
Discussion: Guideline-based therapy seems to be ineffective with 
regard to management and outcome of patients suffering from 
spinal chordoma. Ki67 index influences tumor recurrence. Further 

multicenter studies with new adjuvant therapy modalities are 
urgently needed.  
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Objective: Spinal metastases may cause spinal instability. The 
Spinal Instability Neoplastic Score (SINS) was developed to assess 
spinal neoplastic-related instability. Aim of this study was to 
determine the utility of SINS in predicting progression of a 
pathologic fracture due to spinal metastases.  
Methods: A retrospective analysis of patients with a pathologic 
fracture due to a spinal metastases between January  and 
December  was performed. We selected patients with a 
minimum follow-up of 12 months and analysed them according to 
the SINS criteria. The primary endpoint was the progression of 
vertebral body fracture following radiotherapy.  
Results: 332 Patients were identified. Median age was  SD - 
10,3.  were Female. Median follow-up was 26 months (range 
12-29). 30,  and 19 Patients presented with low (0-6), moderate 
(7-12) and high (13-  SINS, respectively. Fracture progression 
following radiotherapy was seen in 9 (30%),  (30%) and  (42%) 
in cases with low, moderate, or high SINS (P = 22), 
respectively. During follow-up,  of patients with low SINS 
showed a progression to moderate SINS without neurological 
deficits. In the originally moderate group, 17% had progression 
with neurological deficits needing surgery. None had functional 
recovery postoperatively.  of the progression cases in the 
moderate group did not develop neurological deficits and 4 
underwent surgery for pain management. 63% of all progressions 
in the high group developed neurological deficits, however none of 
them recover postoperatively (P < 0.001).  
Conclusion: SINS is a very useful tool for assess stability of a 
pathologic fracture due to spinal metastases after radiotherapy for 
spinal metastases. Moderate or high SINS are associated with a 
high risk of fracture progression as well as risk for neurological 
deterioration, therefore surgical instrumentation in these groups 
may be advised prior to radiotherapy.  
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Introduction: Spinal cord ependymomas account for 3% to 6% of 
all central nervous system tumors and for around 60% of all 
intramedullary tumors. The aim of this study was to analyze 
neurological outcome after surgery and to determine prognostic 
factors for functional outcome. 
Material/Methods: Patients treated surgically due to a spinal cord 
ependymoma between 1990 and  were retrospectively included. 
Clinical characteristics and neurological outcome were analyzed. 
Possible prognostic factors for neurological outcome were evaluated. 
Results: In total,  patients were included (71 males,  
Mean age was  ± 16.7 years. The median follow-up period was 
7.7 ± 6.4 years. The prevalence was mostly in the lumbar spine 
(42.2%), followed the thoracic spine (30.7%) and cervical spine 
(27.4%). Gross-total resection was achieved in 117 patients  
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The recurrence rate was and did depend on the extent of
resection (p=0.001). Postoperative temporary neurological
deterioration was observed in of the patients with
ependymomas of the cervical spine, of the thoracic spine and
6.9% of patients with ependymomas of the lumbosacral region. No
difference in outcome 36 months after surgery was observed in
patients with MCS I and II.
Poor preoperative functional condition (MCS > 2), cervical spine
ependymoma, subtotal resection, tumor extension over 2 vertebral
bodies had a high impact on a poor functional outcome
postoperatively (p=0.0001). Of these, preoperative status (MCS > 2),
cervical spine ependymomas and subtotal resection were
independent predictors for poor neurological outcome.
Discussion: Neurological deterioration was seen especially in
cervical and thoracic spine ependymomas. Postoperative
improvement was detected in nearly half of those patients. Poor
preoperative status, cervical spine ependymomas and subtotal
resection are independent predictors for poor neurological outcome.
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Implementation of a multidisciplinary infections conference
improves the treatment of spondylodiscitis
*M. Dreimann1, D. Dalos1, B. Schoof1, L. Viezens1, H. Rohde2,
A. Luebke3, M. Stangenberg1

1UKE, Wirbelsäulenchirurgie, Hamburg, Germany
2UKE, Mikrobiologie, Hamburg, Germany
3UKE, Pathologie, Hamburg, Germany

Purpose: Establishing a multidisciplinary approach regarding the
treatment of spondylodiscitis and analyzing its effect compared to a
single discipline approach.
Materials and Methods: 361 patients diagnosed with
spondylodiscitis were included in this retrospective study. The
treatment plan was either established by a single discipline approach
(n = 149) or by a weekly multidisciplinary infections conference (n =
212) consisting of at least an orthopedic surgeon, microbiologist and
pathologist. Recorded data included the surgical and antibiotic
strategy, complications which led to operative revision, recovered
microorganisms, as well as the total length of hospital and intensive
care unit stay.
Results: Performing the multidisciplinary infections conference led
to a significant change regarding the treatment plan compared to a
single discipline approach. Patients discussed in the conference
showed significantly reduced days of total antibiotic treatment (66 ±
31 vs 104 ± 31, p < 0.001). Rifampicin was the most frequently used
antibiotic in both groups. Regarding the surgical strategy significant
differences could be observed. One stage procedures and open
transpedicular screw placement were more frequently performed
following multidisciplinary discussions while there were less
involved spinal segments in terms of internal fixation as well as an
increased use of intervertebral cages instead of autologous bone graft
(p < 0.001). Staphylococcus aureus and S. epidermidis were the most
frequently recovered organisms in both patient groups. No significant
difference could be found comparing inpatient complications
between the two groups or the total in-hospital stay.
Discussion: Performing a weekly infections conference is a novel
mean to introduce a multidisciplinary approach to spondylodiscitis
treatment. These conferences significantly altered and enhanced the
treatment plan compared to a single discipline approach. Therefore,
we highly recommend an implementation to optimize treatment
modalities for patients and to increase the efficiency of
multidisciplinary decision making. Multimodality may even affect
clinical outcome which needs to be further investigated.
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Antimicrobial susceptibility of pyogenic vertebral osteomyelitis
pathogens: A comparison of community-acquired and
healthcare-associated infections.
*S. Lang1, A. Frömming1, M. Ehrenschwender2, C. Neumann1, N.
Walter1, M. Loibl3, A. Gessner2, V. Alt1, M. Rupp1

1Universitätsklinikum Regensburg, Klinik und Poliklinik für
Unfallchirurgie, Regensburg, Germany
2Universitätsklinikum Regensburg, Institut für Mikrobiologie und

Hygiene, Regensburg, Germany
3Schulthess Klinik, Wirbelsäulenchirurgie, Zürich, Germany

Empiric antibiotic therapy for suspected pyogenic vertebral
osteomyelitis (VO) should be initiated immediately with severely ill
patients and may also be necessary for culture-negative SD. The aim
of this study was to infer an appropriate empiric antibiotic regimen
by analyzing the antimicrobial susceptibility of isolated pathogens
from microbiologically proven pyogenic spondylodiscitis.
We performed a retrospective review of adult patients with clinically
proven VO treated at our level 1 trauma center between 2013 and
2020. Demographic data, radiologic findings, and treatment
modalities were evaluated. The appropriateness of empiric antibiotic
regimens was assessed based on the antibiograms of the isolated
pathogens. Anamneses were used to distinguish between
community-acquired (CA) and healthcare-associated (HA)
pathogens, which included cases that had a hospital stay or invasive
intervention in the past 6 months.
A total of patients (male: ; female: N=67; mean age 66.1 ±
12.4 years) with VO were identified. In n= 74 (47.7%) cases, the
infections were associated with the healthcare system (HA). N=34
(21.9%) patients suffered from sepsis. The lumbar spine was
involved in 47.1% of the cases, the thoracic spine in 37.3%, and the
cervical spine in In of the cases, VO occurred in multiple
spinal segments. N=96 (62.0%) patients were treated surgically. The
mean hospital stay was 36.4 ± 36.3 days. Antibiograms of
patients (HA: N=22; CA: N=23) could be retrospectively evaluated:
The most frequently identified pathogens were Staphylococcus
aureus (46.7%), Coagulase-negative Staphylococci
Enterobacteriaceae and Streptococcus species
Overall, (HA: CA: of the isolated pathogens
were sensitive to piperacillin/tazobactam, (HA: CA:
72.2%) to vancomycin, 64.4% (HA: CA: to
clindamycin, and (HA: 36.4%; CA: 72.7%) to ceftriaxone. To
a combination of vancomycin plus meropenem of pathogens
were sensitive (HA: CA: 100.0%), to vancomycin plus
ciprofloxacin 91.1% (HA: CA: and to vancomycin
plus cefotaxime 93.3% (HA: 90.9%; CA:
Antibiotic resistance of CA VO pathogens differed significantly from
HA VO. The identification of the pathogen and the analysis of its
susceptibility guides the antibiotic therapy. Vancomycin in
combination with a carbapenem, broad-spectrum cephalosporin, or
fluoroquinolone may be appropriate for empiric treatment of HA
VO.

Fig. 1

Fig. 2
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Sonication for detection of low-grade infections in revision 
surgery of the spine 
*A. Strassburg1, A. T. Weber1, M. Armengol Porta1, T. Kluba1 
1Städtisches Klinikum Dresden Standort Friedrichstadt, Klinik für 
Orthopädie und Orthopädische Chirurgie, Dresden, Germany 

Introduction: At our level-1-DWG Centre we are frequently 
confronted with indications for revision surgery. Reasons for 
presentation are instability, non-union or adjacent degeneration. 
Material loosening often caused by a low-grade infection is also a 
presenting cause. For the detection of implant-associated infections 
sonication, as a diagnostic tool, is regularly used at our Centre. 
Sonication can break the biofilm and thereby help to isolate the 
causative pathogen. Some controversy exists in the handling of 
microbiological findings and clinical relevance of detected 
pathogens. 
Methods: The presented data results from a retrospective analysis 
of nT  spine operations between 2019 und 2020. From this 
collective nR=170 revision operations were identified, of which 74 
sonicates resulted. Those sonicates were studied for pathogen 
spectrum and load, indication for revision surgery, laboratory 
findings and in comparison to the microbiological tissue samples. 
Results: 74 sonicates of 61 patients yielded  positive (of 16 pat.) 
and 49 negative (of  pat.) cultures. The age groups of >70 yrs. 
(ca. 40 %) and  yrs. (ca. 30%) were strongly represented in the 
cohort. Laboratory findings could not reveal trends for 
identification of an infection. Main causes of revision were 
material loosening, adjacent degeneration and non-union. For these 
causes positive sonicates showed in  Staph. epidermidis and 
Cutibacterium acnes as pathogens. Table 1 shows pathogens of all 

 positive sonicates. By definition only 40% of these positive 
sonicates were clinically relevant (CFU  CFU/ml). Again 
Staph. epidermidis and Cutibacterium acnes were mainly found. In 
comparison only  pats. with positive sonication showed also a 
positive wound tissue sample. In 3/16 pats. other pathogens with 
different pathogen load and pattern of AB resistance were detected 
in wound tissue samples. Median processing time for 
microbiological analysis was 7 days. 10/16 pats. were treated 6 
weeks with an appropriate antibiotic. In 7/10 pats. a 10-21 days 
intravenous AB therapy was administered in hospital. 10/16 pats 
could be followed up. In 3 pats. treated with antibiotics an 
persistent infection was documented. 
Discussion: Microbiological proof of pathogens is somewhat 
demanding and time consuming in long term culture analysis. 
Sonication offers a supplementary tool for the detection of low-
grade infections and appears to be more sensitive than tissue 
samples alone.In case of material loosening more often Staph. 
epidermidis and Cutibacterium acnes as causative agents are found. 
Still difficult is the interpretation and a therapeutic concept for 
pathogen proof below  CFU/ml. 
 
Fig. 1 
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Introduction: Approaches and treatment strategies for 
spondylodiscitis are subject to wide variance across the country. 
Material and Methods: Using a standardized, anonymized 
questionnaire, an online survey was conducted on the current state 
of care in the diagnosis and treatment of spondylodiscitis in 
Germany, Austria, and Switzerland. The results will be compared 
with an online survey from 2014 (1). 
Results: All 32 questions were answered completely by 220 
participants; 1/3 from certified institutions. Decisions about 
diagnostics and therapy are most frequently made by internal team 
meetings (60.3%) or senior physicians  Interdisciplinary 
conferences occur in  of clinics. An SOP is used in 2/3 of the 
clinics and  have incorporated the guideline. A focused 
history and search for foci are performed in  of the clinics. The 
most frequent diagnostic procedures for locating foci are cardiac 
echocardiography, urinalysis, chest x-ray, and MRI of the entire 
spine >  In over  diagnosis is based on imaging and/or 
CRP and/or pain followed by pathogen detection. Specific 
antibiotic therapy is given after pathogen confirmation in 74% of 
the respondents if conservative therapy is indicated, and in 36% if 
surgery is indicated. Sepsis and fever are the main indications to 
start an empiric antibiotic therapy immediately. Clindamycin 
41.6% and ampicillin/sulbactam  are most frequently used 
for this purpose. A majority of clinics start antibiotic therapy 
intravenously for at least 2 weeks ) and subsequently oralize 
for a total duration of 6-12 weeks  10.1% administer therapy 
<= 6 weeks. Biofilm-active antibiotics are used specifically in 
49.3%- for both inserted foreign material  and new inserted 
material  Neurologic deficits and epidural abscesses are 
the most common indicators of emergency intervention. Titanium 

 is the most common material used for defect bridging. 
Gentamycin (66.2%) and Vancomycin  are most 
commonly applied locally. Orthoses are prescribed for 
conservative therapy by 67.7% of the respondents. Differences 
between participants from certified and non-certified institutions 
existed in the choice of empiric antibiotic therapy and locally 
applied antibiotics.  
Discussion: The survey showed that the diagnosis, in particular the 
history and the search for foci, is carried out in a standardized 
manner with a high percentage. In addition, the pathogen 
confirmation and, derived from this, the targeted antibiotic therapy 
as the main component of spondylodiscitis treatment are regularly 
performed. Compared to the survey from 2014 (1), the diagnostic 
and therapeutic standard has improved. Inhomogeneity persists in 
the choice of empiric antibiotic therapy and in the use of local 
antibiotics in the destructed spinal area. 
1. Quack et al. Z Orthop Unfall 2014  
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Multifocal spondylodiscitis - unicorn or commonplace? – 
Incidence, complications and outcome in a collective of 274 
spondylodiscitides over an observation period of 8 years 
*F. Bludau1, M. Amro1 
1Universitätsklinikum Mannheim, Med. Fakultät Mannheim der 
Universität Heidelberg, Orthopädisch-Unfallchirurgisches Zentrum, 
Mannheim, Germany 

Introduction: While spondylodiscitis is already relatively well 
studied we are currently experiencing an advance due to migration 
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and (poli)toxicomania. The diagnosis is most often focussed on the 
clinically leading region of the spine. Intraspinal and paraspinal 
abscess are associated with negative outcome. The role of multifocal 
spondylodisicits, i.e., (hematogenous) inflammation of multiple 
independent areas of the spine, is unclear. This explicitly does not 
refer to inflammations that extend per-continuitatem over several 
segments, but really two independent foci of inflammation. There are 
isolated case reports with a number of cases  
Methods: In the collective of a maximum care provider, all cases of 
all departments were identified over a period of  years in which the 
term "spondylitis" or "spondylodiscitis" was used in a written MRI or 
CT report. These cases were analyzed and statistically processed 
with respect to spread, germ spectrum, secondary diseases, 
demographic factors, and imaging and therapy performed. All 
patients of the department of orthopedic trauma surgery were 
additionally examined with a total spine MRI within the last  years 
to exclude a (clinically inapparent) second localization of 
spondylodiscitis. 
Results: In  years, a total of 274 spondylodiscitis patients were 
diagnosed and treated. The lethality of the total collective was 

 High predictors of lethality were the number and severity of 
previous illnesses, germ detection, and a multifocal spondylodiscitis 
finding. A total of 139 of the 274 patients underwent total-spine 
MRI. Monosegmental spondylodiscitis was seen in  patients 
(72%), and multisegmental but mono-focal spondylodiscitis in 46 
patients (17%). Multifocal spondylodiscitis was found in at least 
11% (n=30) of all patients (not the entire collective received MRI 
total-spine), representing 21.6% of MRI total-spine patients. 
Conclusion: We could show in our collective that multifocal 
spondylodiscitis occurs in about  of the cases, which is much 
more frequent than suspected. It is also associated with increased 
morbidity and lethality. The single-center data collected require 
further national, or international scaling. MRI-total-spine-diagnosis 
should be raised to the gold standard in all cases of spondylodiscitis.  
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The importance of renal function in the course of 
spondylodiscitis. 
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3Universität Köln, Innere Medizin II, Köln, Germany 

Introduction: Despite all advances in the treatment of spinal 
infections, they are still associated with a high morbidity and 
mortality. In addition to prompt diagnosis, early initiation of 
treatment is essential for the clinical course, and in most cases 
surgical intervention is required. Despite sufficient infection control, 
the complication rate is high, which is commonly influenced by 
accompanying comorbidities. The aim of the present study was to 
evaluate the status of renal function as possible risk and predictive 
factor for the clinical course in this special patient population. 
Methods: Retrospective analysis of 369 patients was performed who 
underwent surgery for spondylodiscitis between  and 
10/2020. Renal function was classified based on the glomerular 
filtration rate (GFR) measured at the beginning of hospitalization 
following the GFR stages defined by the KDIGO to classify impaired 
renal function. 
Results: The study included  patients (173 men,  women). The 
mean age was 66.3 13.3 years. Chronic renal impairment was known 
preoperatively in 14.1% (n=36) of patients. At the time of hospital 
admission, 29% (n=74) patients had a GFR <60mL/min. Patients 
with a GFR <60mL/min spent an average of  days longer in the 
hospital than those with a GFR 60mL/min (36 to 31 days) (p=0.071). 
Mortality also increased significantly with decrease in GFR. For 
example, this was 7.3% at GFR 60mL/min and increased steadily 
(GFR<60mL/min: 17.6%; GFR <30mL/min: 30.4%) (p=0.003). In 
addition, patients with impaired GFR showed increased 
postoperative complications. The rate of revision surgery increased, 
although not significantly, above a GFR<30mL/min  
Discussion: The present work showed that GFR might be a relevant 
prognostic factor to predict clinical outcome in patients with 

spondylodiscitis. In particular, hospital length of stay, postoperative 
complications, revisions, and mortality were significantly increased 
in patients with lower baseline GFR. Efforts should be made to 
optimize renal function in advance of surgery.  
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Pedicle screw revision rate after intraoperative 3D imaging 
using cone beam CT 
*F. Zimmermann1, K. Kohl1, N. Beisemann1, B. Swartman1,  
J. Franke1, S. Y. Vetter1 
1BG Klinik Ludwigshafen, Ludwigshafen, Germany 

Background: Correct positioning of pedicle screws during dorsal 
instrumentation is challenging. Intraoperative imaging can help in 
this regard. The purpose of this retrospective study was to evaluate 
the use of intraoperative 3D imaging with a cone beam CT (CBCT) 
in this context. The hypotheses were that intraoperative 3D 
imaging (1) will lead to intraoperative revision of pedicle screws 
and (2) reduce the rate of pedicle perforating screws on 
postoperative imaging. 
Methods: Between January 2013 and August 2020 a total of  
patients (age 60.9 ± 20.3 a -96); m/f  underwent dorsal 
instrumentation with intraoperative 3D imaging with  pedicle 
screws at a trauma center level one. Screw positioning was initially 
verified by conventional fluoroscopy. 3D imaging was performed 
if the findings were satisfactory. Now intraoperative 
documentation was evaluated for this purpose as part of the study. 
Subsequently, 73 patients (age  ± 19.7 a; m/f 47/26) of this 
collective, who received a total of  screws, were included in the 
study group (SG) and their postoperative computed tomography 
was evaluated with regard to screw position. As control group 
(CG),  patients (age  ± 14.4 a; m/f  with a total of  
screws, who received dorsal instrumentation with conventional 
fluoroscopy without 3D imaging, were included. They also 
underwent analysis of screw position on postoperative computed 
tomography. Pedicle screw location in the SG and CG was 
assessed using the Gertzbein-Robbins classification. Types  
were considered to have no relevant perforation and types C-E 
were considered to have relevant perforation. 
Results: During the placement of the  pedicle screws, 437 
CBCT scans were performed.  patients received multiple 
intraoperative CBCT scans, with a maximum of 2 CBCT scans in 
one surgery. A total of  (7.0%) intraoperative revisions 
occurred as a result of 3D imaging. Postoperative computed 
tomography of the SG showed   screws without 
relevant perforation (type   (11.2%) screws in SG showed 
relevant perforation (type C-E). In contrast,   screws in 
the CG were without relevant perforation (type  116 (23.2%) 
screws in CG showed relevant perforation (type C-E). 
Discussion: The study shows that correct placement of pedicle 
screws is challenging during dorsal instrumentation with 
conventional fluoroscopy. Misplacement of screws cannot always 
be prevented this way. Intraoperative 3D imaging may be helpful 
to detect and revise misplaced pedicle screws and to avoid revision 
surgery.  
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Introducing a bilateral safe-zone of C1 pedicle screws measured 
by CT scans  
*M. Lenz1, A. Perera1, A. Harland1, P. Egenolf1, L. Pennig2,  
P. Eysel1, M. J. Scheyerer1 
1Uniklinik Köln, Orthopädie und Unfallchirurgie, Köln, Germany 
2Uniklinik Köln, Radiologie, Köln, Germany 

Introduction: Fractures of the axial spine are a common fracture 
in geriatric patients, which increase with age and often require 
surgical stabilization. The decreasing bone quality of the elderly 
and is problematic for sufficient screw anchorage. Although the 
Harms technique with lateral mass screws offers sufficient 
stabilization of C1/2, the use of the posterior arch of C1 as a 
"pedicle" could increase screw fixation due to the increased screw-
bone interface and thus contribute to greater biomechanical 
stability. However, screw placement in the pedicle of C1 is 
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challenging because of its proximity to neurovascular structures. 
The aim of the present study was to describe a bilateral safe zone 
of C1 pedicle screws in terms of angulation and pedicle height. 
Material and Methods: We retrospectively reviewed the CT scans 
of  patients. Cervical fractures, previous spinal trauma or 
previous surgery as well as anatomical variations and CT scans 
showing artefacts were exclusion criteria. Three-dimensional 
reformats were generated for detailed measurements. Idealized 
screw entry point (EP), length of lateral mass as screw trajectory 
(LML), lateral mass width (LMW), maximal divergence (DI) and 
maximal convergence (CON) from EP without perforation and 
pedicle height (PH) of posterior arch were measured. Two sided t-
test were used for statistics, significance was set to  
Results: Of the  subjects,  males and  females were 
included. Mean age of the patients was  years -92). All 
measurements did not demonstrate significant side-related 
differences. The idealized mean screw entry point was  mm 
from midline-axis (left 22,6; right 23 mm). From this entry-point, a 
safe zone between 11.6° of divergence and 19.6° of convergence 
was detected. Mean LMW was  mm (range -14) and mean 
length of screw trajectory (LML) was 29.6 mm. Measurements of 
female patients were generally smaller with statistically significant 
differences compared to male patients  Regarding pedicle 
height (PH),  subjects (31.6%) had 
Discussion: Based on the analysis, we were able to describe a safe 
zone between 11° divergence and 19° convergence from the entry 
point, with a mean screw length of 30cm. If the pedicle height is 
below the cut-off value of 4 mm, lateral mass screws should be 
used instead of pedicle screws for C1 fixation.  
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Accuracy of image guided dorsal cervical screw placement 
using image guided navigation system: early results of 
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Purpose: Posterior cervical instrumentation can be challenging. 
The goal of this retrospective study was to assess the accuracy of 
posterior cervical screw placement, with pedicle screw insertion or 
lateral mass screw instrumentation technique, using three-
dimensional rotation of C-arm vs. O-arm based neuro-navigation.  
Methods: 100 patients  patients each from 2 different 
hospitals), who underwent between January 2013 and December 
2020, posterior cervical screw fixation using Siemens-Arcadis 
Orbic 3D C-arm with a navigation system (Brainlab, AG, Munich, 
Germany) in hospital 1 or dorsal cervical instrumentation using O-
arm (Medtronic, Minneapolis, Minnesota, USA) with a navigation 
system (S7 StealthStation) in hospital 2, were included in our 
study. The accuracy of screw placement was determined using 
postoperative CT scans and categorized according to Neo el al. 
once pedicle screw was used and according to Bransford el al. 
when lateral mass screw was implanted. 
Results:  screws:  screws in the C-arm group (hospital 1) 
and 223 screws in the O-arm group (hospital 2), were studied. 22 
screws  from C-arm group, as well 12 screws  from 
O-arm group, needed to be revised intraoperatively due to 
misplacement. From C-arm group: from a total of  pedicle 
screws, 220 screws  were categorized as grade 0, 26 screws 
(10,4%) were categorized as grade 1, 2 screws  were 
categorized as grade 2 and 2 screws  were categorized as 
grade 3. From a total of  screws inserted in cervical lateral 
mass, 120 screws (96%) were categorized as grade A and 4 (3,2%) 
screws were categorized as grade B and 1 screw  were 
categorized as grade C. From O-arm group: from a total of 102 
pedicle screws, 91 pedicle screws  were categorized as 
grade 0, 9 screws  were categorized as grade 1 and 2 screws 
(2%) were categorized as grade 3. From a total of 109 screws 

inserted in cervical lateral mass, 106 screws (97, 2%) were 
categorized as grade A and 3  screws were categorized as 
grade B.  
Conclusion: dorsal cervical instrumentation using 3D-arm or O-
arm neuro-navigation system provides an assisting tool, which can 
assure a safe and accurate dorsal cervical screw implantation. 
Although O-arm dorsal cervical screw implantation may show 
higher level of accuracy, no statistical significance between both 
assisting tools was recognized.  
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In vivo detection of the lumbar intraforaminal ligaments by 
MRI 
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1Universitätsklinikum Leipzig, Leipzig, Germany 

Purpose: While the intraforaminal ligaments (IFLs) are of great 
interest to anatomists and clinicians alike, the precise anatomy of 
this region remains poorly understood. Studies published until now 
have described radiological imaging of the IFLs using magnetic 
resonance imaging (MRI) on donor bodies. In the present study, we 
investigated the detectability of lumbar IFLs in vivo in adults using 
the high spatial resolution of the constructive interference in steady 
state (CISS) sequence. 
Methods: In total, 14 patients were studied using a  MRI 
scanner. The lumbar spine was imaged using the parasagittal CISS 
sequence, and the detectability of the IFLs was assessed for each 
lumbar level. All image datasets were analyzed by a radiologist, an 
orthopedic surgeon, and an anatomist. Interrater reliability was 
expressed as Fleiss" Kappa. Using a single data set, a three-
dimensional (3D) model was created to map the location of the 
IFLs within the intervertebral foramen (IF) and the immediate 
surrounding vessels. 
Results: Overall, the radiologist was able to detect IFLs in 60% of 
all imaged IFs, the orthopedic surgeon in 62%, and the anatomist in 
66%. Fleiss" Kappa for the various segments varies from 0.71 for 

 up to 0.90 for L3/4. 
Discussion/Conclusion: Lumbar IFLs were successfully detected 
in vivo in every patient. The detection frequency varied from 42-

 per IF. We demonstrated reproducible imaging of the IFLs on 
MRI, with good interrater reliability. The present study was a 
launching point for further clinical studies investigating the 
potential impact of altered IFLs on radicular pain.  
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Introduction: With the elderly population increasing as a result 
of remarkable improvements in life expectancy, odontoid type 
II fractures represent the most common, acute, traumatic 
cervical spine injuries in older individuals, which are most 
likely induced by low-velocity mechanisms after simple falls 
from a standing position or sitting height. However, there is no 
robust evidence describing the relationship between odontoid 
type II fractures and different trauma mechanisms in the elderly 
(aged ³  with odontoid type II fractures. The aim of the 
current study was to assess and compare predisposing 
radiological features and degeneration patterns in the elderly 
suffering from odontoid type II fractures after low (LET) and 
high energy trauma (HET). 
Material/Methods: Using CT-imaging of the cervical spine, 
we examined grades of osteoarthritic patterns across the C0-C2 
(none, mild, moderate, severe), as well as cervical alignment 
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parameters such as the C0-C2 angle: defined as the angle
between the inferior plates of C2 and the McRae line, C1-C2
lordosis: defined as the angle between the line connecting the
anterior tubercle to posterior processus spinosus of C1 and the
line following the C2 inferior endplate, and the C2-C7 SVA:
defined as the distance between the plumb line extended from
the centroid of C2 and the posterior superior corner of the
endplate of C7. An independent-t test or a chi-square test were
used to perform the statistical analysis.
Results: 36 elderly patients after HET and 40 after LET were
examined between and 2020. Overall mean age was
years (SD 6.2). There were significant differences between both
groups concerning the different osteoarthritic patterns.
Moderate and severe osteoporosis of the dens body junction as
well as of the atlanto-odontoid joint revealed with higher
prevalences in the low energy group compared to those of the
high energy one The anterior atlanto-dental interval
(ADI) was significantly smaller in the low energy groups (0.7
mm, SD 0.7) compared to the ADI of the high energy group
(1.2 mm, SD p=0.003). Concerning the C0-C2 angle, the
C1-C2 lordosis and the C2-C7 SVA the groups differed
significantly (HET: C0-C2 33.2° (SD 7.2), C1-C2 (SD
7.0), C2-C7 SVA 16.1 mm (SD 11.1) vs. LEN: C0-C2 41.6°
(SD 11.4); C1-C2 (SD 7.0); p=0.002, C2-C7
SVA 27.1 mm (SD 12.4);
Discussion: Our findings showed significantly higher rates of
osteoporotic and degenerative changes after low impact trauma.
Furthermore, the C2-C7 SVA, C0-C2 as well as C1-C2 angle
were significantly higher in the LET group, hence suggesting
previous cervical malalignment as a risk factor for odontoid
Type II fractures after low energy trauma.

P 46
Robotic-assisted pedicle screw placement using a new
surgical robot: Initial experience
*M. Pojskic1, B. Saß1, M. Bopp1, B. Carl1, C. Nimsky1

1Universitätsklinikum Marburg, Klinik für Neurochirurgie,
Marburg, Germany

Introduction: Robotic-assisted surgery has the potential to
increase accuracy while decreasing radiation exposure and
complication rates to enable less invasive and higher precision
surgery. This study presents our initial experience with
thoracolumbal pedicle screw placement using the Brainlab's
Cirq® surgeon-controlled robotic arm. The robotic arm mounts
onto standard OR table and the surgeon positions the arm,
which, once aligned to entry point automatically sets to the
planned trajectory and provides a channel for drilling with Drill
guide and implantation of K-wire following pedicle screw
placement. To our knowledge, this is the first case series which
evaluates the use of CIRQ® Robotic Alignment for pedicle
screw placement.
Materials and Methods: Up to now, 10 patients male,
female, medium age years) underwent surgery for
thoracolumbar instrumentation using CIRQ® Robotic
Alignment (BrainLab Munich), whereby one patient was
operated twice. Screws were planned preoperatively using the
Screw Planning Element. Automated patient registration was
performed using the AIRO CT (Brainlab Munich, Germany)
followed by rigid or non-linear registration of preoperative and
intraoperative data. After screw placement an intraoperative CT
scan was used to confirm correct screw placement.
Results: male and female patients were included in the
study. Indications included spondylodiscitis (n=4), metastasis
(n=3), osteoporotic fracture (n=2) and spinal canal stenosis
(n=1). One patient with spondylodiscitis underwent two
surgeries for spinal fusion in thoracic and lumbar spine. Six
surgeries were performed in open and in minimally invasive
percutaneous technique. All patients underwent registration CT
scan for automatic navigation registration as well as at least one
control CT scan for implant position control. The median time
for operation was 203,7 minutes with medians of 2,36 levels
fused and 6 screws placed per patient. In total 60 screws placed,
an accuracy rate of 96.6% was recorded, with correct

positioned screws. There were two malpositioned screws in one
patient, both with medial breach, which were repositioned using
iCT-navigation. There were no perioperative neurologic
deficits.
Conclusion: Brainlab's Cirq® Robotic Alignment surgeon-
controlled robotic arm is a safe and beneficial method for
accurate thoracolumbal pedicle screw placement with high
accuracy. High accuracy was consistent with the data from the
literature. We did not observe a learning curve.

P 47
Computer Assisted Spinal Sugery vs Image guided Surgery:
Comparsion from the DWG Registry for monosegmental
TLIF procedures in 2019
*P. D. Klassen1, S. Habetha2, S. Sauermann2

1Bonifatius Hospital Lingen, Wirbelsäulenchirurgie, Lingen,
Germany
2Healthcare Heads, Kiel, Germany

Introduction: All DWG certified spine centres are submitting
their perioperative data to the DWG registry since it has been
introduced. However, in practice, there is no distinction in the
application of the technology between free-handed navigation
(IGS) and robotic assisted surgeries (CASS). With the help of
ex ante analyses, it could be verified that there was only one
DWG centre using robotic assistance (as a standard) for all
surgeries in 2019. Therefore a comparison of the two datasets is
helpful to optain estimates on the safety and reliability of CASS
vs. image guided surgery alone.
Material and Methods: A retrospective analisys of the DWG
registry for 2019 with the following inclusion criteria: Age 40-
70, TLIF, monosegmental L1-S1, board certified surgeon,
intraoperative 3D imaging or CASS/ Navigation. Subsequently,
our own cases were compared with the collective.
Results: 77 of our own CASS cases were compared to 274 IGS
cases from various hospitals in the DWG registry that met the
inclusion criteria. The average length of stay hospital was 7,04
days for the CASS TLIF and 10,64 days for the IGS TLIF
(p<0,001). 90 % of the CASS surgeries were completed in 2
hours, 20 % for the IGS group. of 76 CASS cases %)
with information on blood loss recorded ml compared to
166 out of 269 IGS cases (61,71 %). There were no blood
transfusions in 100 % of CASS TLIF, compared to % of
cases of IGS TLIF. The in-patient stay was noted "without
complications" in 100 % of CASS TLIF in contrast to "more
than to 2 days in intensive care" for 1 % and "extended stay"
for % of IGS TLIF. Intraoperative adverse events could be
found to the same amount in both groups (dural tail: CASS 4

IGS 13 (4,74%). In addition, there were two fractures
and one labelled "others" for IGS surgeries.
Discussion: The data in the DWG registry are only available
for analyses as a whole. Implausible results cannot be checked.
The process of data cleaning is not obvious and not all data
fields are specified clearly. Nevertheless, the available data
provides some conclusion on the different effects of an
implementation of CASS in a spinal unit. Significant
differences can be seen in the shortening of the average length
of stay (safety) and the high consistency in completing the
surgery within a defined time frame (reliability). The reduced
blood loss and the avoidance of intensive care point towards
advantages of the CASS procedure, as well.

Fig. 1
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Intraoperative color-coded duplex ultrasound for safe surgical
reduction of displaced hangman fractures in patients with
atypical course of the vertebral artery: a case report of two
patients
*K. A. C. Oswald1, M. C. Deml1, M. R. Heldner2, S. F. Bigdon1,
A. Maurer2, D. Seiffge2, C. E. Albers1

1Inselspital, Bern University Hospital, University of Bern,
Department of Orthopaedic Surgery and Traumatology, Bern,
Switzerland
2Inselspital, Bern University Hospital, University of Bern,
Department of Neurology, Bern, Switzerland

Introduction: An atypical course of the vertebral artery can be
medically relevant in displaced Hangman fractures, especially if the
artery course runs within the fracture gap of the C2 isthmus. During
surgical reduction, the artery can be occluded inside the fracture,
potentially leading to ischemic conditions of the brain. The aim of
this study was to report two cases according to the CARE (case
reporting) guidelines, in which intraoperative color-coded duplex-
ultrasound was performed to secure safe surgical reduction of
hangman fractures in two patients with an atypical course of the
vertebral artery.
Material/Method: Two patients with displaced hangman fractures
(Effendi-Levine type II) were diagnosed with an atypical course of
the vertebral artery running inside the fracture gap (Fig.1 CT-
Angiography. Case 1: (a) Sagittal and (b) axial view, with the arrow
pointing at the vertebral artery running inside the fracture gap and (c)
sagittal view of the high riding right vertebral artery, indicated by the
arrow. Case 2: (d) Sagittal and (e) axial view, with the arrow pointing
at the vertebral artery running inside the fracture gap and (f) showing
the hypoplastic right vertebral artery, indicated by the arrow). This
endangered safe surgical management with the risk of iatrogenic
occlusion or injury during reduction through entrapment of the vessel
inside the fracture gap. Therefore, an intraoperative color-coded
duplex-ultrasound of the vertebral artery was conducted before and
after reduction of the fracture, as well as at the end of the surgery.
The surgical treatment in both cases included posterior unilateral
spondylodesis, followed by anterior cervical discectomy and fusion
(ACDF).
Results: In both patients, a safe reduction of the fracture was
performed. Neither occlusion nor dissection of the vertebral artery
occurred. The duplex ultrasound before and after reduction, and at
the end of the procedure showed normal blood flow and morphology
of both vertebral arteries. At follow-up examinations, the patients
showed a favorable clinical outcome, radiographic signs of fusion,
and no irregularity of the vertebral arteries.
Discussion: This case report serves as proof-of-concept,
demonstrating the feasibility of this regimen to minimize the risk of
entrapment or occlusion of the vertebral artery in the surgical
management of displaced Hangman fractures with atypical course of
the vertebral artery running inside the fracture gap.

Fig. 1
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Radiofrequency Neurotomy does not cause fatty degeneration
of the lumbar paraspinal musculature in patients with chronic
lumbar pain – a retrospective 3D-computer-assisted MRI
analysis using iSix software
*K. A. C. Oswald1, V. Enkengele2, S. Hoppe1,3, K. Streitberger4,
M. Harnik4, C. E. Albers1

1Inselspital, Bern University Hospital, University of Bern,
Department of Orthopaedic Surgery and Traumatology, Bern,
Switzerland
2Paracelsus Clinic Nuremberg, Department of Orthopaedics,
Nürnberg, Germany
3Hirslanden Salem-Spital, Spine Medicine Bern, Bern, Switzerland
4Inselspital, Bern University Hospital, University of Bern,
Department of Anesthesiology and Pain Medicine, Bern,
Switzerland

Introduction: Up to date it is unclear, whether radiofrequency
neurotomy (RFN) of the medial branches, a treatment for chronic
lumbar back pain (LBP) due to facet joint syndrome (FCS) through 
denervation of the lumbar facet joints, causes iatrogenic damage of 
the motor fibers of the autochthonous paraspinal musculature.
Consequently, this would lead to fatty atrophy of these muscles.
Therefore, the present study aimed 1) to analyze the relative fat
volume after radiofrequency neurotomy (RFN), 2) to compare it to
the unilateral non-treated side, and 3) to compare the segmental fat
volume of the bilaterally treated to the unilateral treated segments.
Material/Methods: We conducted a retrospective case series.
Twenty patients ± years; female) with chronic low
back pain, treated with RFN (L2/3 - due to symptomatic
facet joint syndrome (FCS) between - 2017, were included.
All patients received before and at median of 1.39 [0.94 - 2.6] 
years after RFN a MRI of the lumbar spine. The absolute (cm3) and 
relative (%) paraspinal muscle and fat volume was analyzed 3-
dimensionally on standard T2-MRI sequences using a newly
developed software (iSix, Osiris plugin). After definition of the
volume of interest (VOI) and further precision through Digital
Imaging and Communications in Medicine (DICOM) intensity by
the user, the muscle and fat volume is measured 3-dimensionaly on 
standard T2- MRI sequences semi- automatically by the software.
A total of 31 treated and 9 non-treated sides (Level L2/3 - 
were examined.
Results: Concerning the relative fat volume, there were no
differences after RFN (p = 0.726). We found no differences in the
relative fat volume between the treated and non-treated side before
(p = and after (p = RFN. Additionally, there were no
differences in the segmental relative fat volume between bilaterally
and unilaterally treated segments after RFN (p =
Discussion: Our study shows that there are no differences in the
paraspinal relative fat volume after RFN. It seems like RFN of the
medial branches for FCS does not cause fatty degeneration of the
lumbar paraspinal muscles as a sign of iatrogenic damage of
motoric branches.
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Comparison of two radiation-free methods for determining
spinal curvature and orientation in different positions
*D. Hanesch1, J. Muehlbauer1, D. Rasp2, S. Schick1, S. Peldschus1

1Institut f. Rechtsmedizin der LMU, Biomechanik und 
Unfallforschung, München, Germany
2Technische Universität München, Professur für Biomechanik im
Sport, München, Germany

Introduction: Two methods are currently used for radiation-free
determination of spinal curvature and orientation of vertebral
bodies in volunteers, which are being compared in the present
study. In the context of autonomous driving, it is crucial to
understand how the spine behaves under increased longitudinal
loading in the event of a frontal collision in reclined seating
positions. Hence, virtual human body models are increasingly
coming into focus to analyze injury mechanisms during a traffic
accident and develop protective measures. For a robust application,
detailed positioning of the spine is essential.
Methods: The study was reviewed and approved by the relevant
ethics committee. The three-dimensional geometry of the bony
spine of a male subject (39 years old, 77 kg, 177 cm) was
reconstructed based on upright MRI images (FONAR, Melville,
U.S.A.) mm slice thickness) in three seated positions. In
addition, the skin surface contour of the same spine was scanned
using an IDIAG M360 (MediMouse, Fehraltorf, Switzerland) in
the same positions in a replica of the MRI seating geometry. The
IDIAG software then calculates segmental angles between two
adjacent vertebral bodies in transversal and sagittal plane based on 
a statistical distribution and a predefined spine model using the
total length and angular changes alongside the spine (resolution:
1°) [1]. Accordingly, a protocol was developed to objectively
determine the same angles within the 3D objects based on MRI
images. Figure 01 shows both visualizations of the same spine
exemplarily for one sitting posture in sagittal view (left: IDIAG,
right: 3D reconstruction of upright MRI images).
Results: Table 01 compares both segmental angles of the same
spine. A positive IDIAG angle corresponds to a kyphosis, a
negative one to a lordosis. Both, the graphical IDIAG output
(Figure 01) and the determined segmental angles deviate up to 14°
in the thoracic and 9° in the lumbar spine, respectively, from the
angles determined within the 3D object as a reference. In seven
spinal segments, the IDIAG software determined opposite
curvatures.
Discussion: Despite both measures being snapshots of the spinal
posture, the segmental angles determined by IDIAG deviate
considerably from the upright MRI image reconstruction as
reference. The magnitude of difference in curvature might be
leading to different simulation results in a similar load case based
upon deviating initial spinal postures. In particular, the reversal of 
curvature directions is considered critical within the context of
injury biomechanics. Thus, IDIAG does not provide an adequate
replacement for in-depth upright MRI scans for positioning the
spine of a virtual human model.
Literature: [1] Seichert et al. (1994). Die Rückenmaus - Ein
analog-digitales Messgerät zur Erfassung der sagittalen
Rückenkontur. PHYSIK MED REHABIL KURORTMEDI. 04. -
43 

Fig. 1

Fig. 2
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Complications after short-segment lumbar fusion and sagittal
alignment 
*F. Vazifehdan1, V. Igoumenou1, V. Karantzoulis1

1Diakonie Klinikum, Wirbelsäulenzentrum, Stuttgart, Germany

Introduction: The purpose of the present study is to investigate
whether the presence of adjacent segment disease (ASD) or 
pseudarthrosis after short-segment lumbar fusion could be
associated with various types of sagittal alignment.
Material and Methods: Retrospective study of patients offered 
mono- or bisegmental transforaminal lumbar interbody fusion 
(TLIF) with polyetheretherketone (PEEK) or titanium cages, due to
degenerative disease. Of a historical study group of patients, we
randomly selected patients with an uncomplicated postoperative
course (Control group) and patients who developed either
pseudarthrosis (n=23) or symptomatic ASD (n=22)
(Complications group). Standard spinopelvic parameters were
measured in all patients before and after surgery. Patients were also
grouped according to Roussoully classification (Type I, II, III, and
IV). A comparative analysis within and among groups was
performed. Normal distribution was evaluated with the Shapiro-
Wilk normality test and all values were found normally distributed,
therefore the independent samples t-test was used for analysis.
Subgroup analyses were performed based on gender, type of
interbody fusion implant, and Roussoully Type of sagittal balance.
The Mann–Whitney U test, the Kruskal-Wallis 1-way analysis of 
variance and the chi-square (x2) test were used for group 
comparisons. The level of significance was set to
Results: All studied parameters changed significantly after surgery
in the Control group, while in the Complications group only LL
and PI-LL changed significantly (PI-LL increased from 9±11 to
14±10 degrees, p=0.006). Patients in the Complications group
presented greater SS before and after surgery, greater PI-LL after
surgery, and higher PI. Age, size and type of cage were not found
to be different among groups. Additionally, the analysis according
to the Type of sagittal balance could not prove a relationship 
between the four different Types of the basic Roussoully
classification and the development of complications
postoperatively.
Discussion: Greater SS, greater PI, and a PI-LL mismatch greater
than 10 degrees are associated with complications, while the type
and size of cage do not seem to have a significant impact on either
solid bony fusion, nonunion, or ASD. Additionally, it was showed
from the present study that there is no certain Type of sagittal
balance, according to Roussoully classification, that can predispose
to the development of complications after short-segment lumbar
interbody fusion.
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Surgical site infection after posterior stabilization of the spine – 
when do we have to remove the implants? 
*M. Konieczny1, J. Windolf1, M. Röckner1, M. Prost1 
1Universitätsklinikum Düsseldorf, Orthopädie und Unfallchirurgie, 
Düsseldorf, Germany 

Introduction: Surgical site infections (SSI) after posterior 
stabilization of the spine (PS) are usually treated by implant 
removal and optional reinstrumentation if loosening of one or more 
screws is perceived. There is presently no conclusive data that 
shows the success rate of the treatment of SSI after PS without 
implant removal when no radiological signs of screw loosening 
(RSL) are perceived. 
If the success rate was very low, hospital stay and number of 
operations could be significantly lower if an early implant removal 
would be performed. However, if implant removal would not be 
necessary, the spine would remain stabilized and the patients 
would be spared a more invasive procedure.  
The primary objective of this investigation was to analyze if 
treatment of SSI after PS without RSL shows a sufficient success 
rate without implant removal.  
Methods: All patients who were treated for a SSI after PS without 
RSL in a single spine center from 12/2009 to 03/2020 were 
enrolled in a retrospective analysis. Type of treatment, 
demographic and clinical data were recorded. 
All patients were initially treated by revision surgery with 
debridement and irrigation and subsequent antibiotic therapy. 
Implant removal was performed if the initial treatment did not lead 
to normalization of soft tissue and laboratory tests (with regard to 
infection). 
Statistical analysis was performed by SPSS  Descriptive data 
are given as mean and standard error of mean, a chi square test was 
performed.  
Results: Of the 32 enrolled patients,  had an early SSI (<6 weeks 
after surgery), 17 a late SSI  6 weeks). 
In 71.9% (23/32) the SSI was treated without implant removal: 

 in early SSI, 13/17 in late SSI. The difference was not 
significant  One patient died, all other patients were 
discharged from the hospital with no more laboratory signs of the 
infection and with closed soft tissues. Hospital stay was  days 
(4,9). Patients were operated 2.9 times (0.7) during the hospital 
stay.  
Conclusion: In our group of patients the success rate of irrigation 
and debridement without implant removal showed a success rate of 
71.9%. In the light of this data, performing at least 2 irrigations and 
debridements prior to implant removal seems to be a valid 
treatment option in SSI after PS if there are RSL.  
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Can Hounsfield units be used to predict the time to revision 
after lumbar arthrodesis in adult deformity surgery? 
*T. Prasse1, C. P. Hofstetter2, V. J. Heck1, P. Eysel1, J. Bredow1 
1Uniklinik Köln, Orthopädie und Unfallchirurgie, Köln, Germany 
2University of Washington, Department of Neurological Surgery, 
Seattle, United States 

Introduction: Measuring Hounsfield units (HU) is a well-
established method to quantify bone quality via computed 
tomography (CT) imaging indirectly. As osteoporosis is a risk 
factor for the development of adjacent segment disease (ASD), the 
aim of this study was to analyze if or to what extent HU can be 
used to predict the time to revision surgery (TTR). 
Materials/Methods: 23 patients who underwent dorsal lumbar 
spinal fusion surgery had a CT scan that depicted the adjacent 
segments of the instrumentation, and needed revision surgery due 
to the development of ASD were included to this single center 
study. We retrospectively assessed age, sex, Body Mass Index 
(BMI), TTR, fused levels. In addition, the HU of the adjacent 
segments were measured on cross-sectional CT-slides as described 
by Schreiber et al. [1] and the facet joint sagittalization and tropism 
were documented. 

Results: Of all patients included,  % (n: 14) were female and 
39.13 % (n: 9) were male. The mean BMI was 29.26 (±  
kg/m2, the mean age at the time of the first surgery was  (± 
13.24) years and at the time of revision surgery was 71.77 (± 
11.17) years. The mean TTR was 3.42 (±  years, with a mean 
of 3.30 (± 1.46) levels fused initially and  (±  levels after 
revision surgery. The average HU of the adjacent segments were 

 (±  In terms of the cutoff values for osteoporosis (< 
 HU) and osteopenia (<  HU), 3 of the patients had 

osteopenia and 3 osteoporosis (each 13.04 %). Facet tropism is 
defined as at least 10 degrees of facet joint divergence. The facet 
tropism in degrees was 11.76 (± 2) on average. Higher TTR 
correlated significantly positive with higher HU (p =  r = 
0.69) and significantly negative with the age at first surgery (p = 
0.0093, r = -  Greater extent of facet tropism, facet 
sagittalization, sex, BMI and levels fused during the first surgery 
did not correlate with the TTR (p >  
Discussion: According to the results of our study, analyzing the 
bone quality by using HU can be used to predict the TTR after 
dorsal lumbar fusion surgery, underlining the effect of bone quality 
on the development of ASD as well as the negative predictive 
value of age at first surgery for the TTR. In clinical practice, the 
bone quality of adjacent segments should be assessed before 
surgery to detect possible osteoporotic bone changes. If 
osteoporosis is diagnosed, sufficient treatment is crucial and should 
be prioritized before fusion surgery. In certain cases, it may also be 
advantageous to make use of either longer instrumentation or 
cement-augmented pedicle screws to reduce the risk of ASD in 
patients with low bone quality. 
[1] Schreiber JJ, Anderson PA, Rosas HG et al (2011) Hounsfield 
units for assessing bone mineral density and strength: a tool for 
osteoporosis management. J Bone Joint Surg Am –1063  
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Did more stringent protective measures during the COVID-19 
pandemic yield differences in postoperative infection rates 
after spine surgery? 
*J. E. Scorzin1, G. Bara1, S. Brandecker1, J. Wach1, M. Schneider1, 
M. Banat1, H. Vatter1, P. Schuss1 
1Uniklinik Bonn, Neurochirurgie, Bonn, Germany 

Introduction: Surgical site infection (SSI) after spine surgery is 
considered a serious postoperative complication. It is uncertain to 
what extent the increased use of infection control measures during 
the COVID-19 pandemic (e.g., wearing of face masks, visit 
restrictions) might have influenced the incidence of SSI after spine 
surgery. 
Method: Data from all consecutive patients who underwent spinal 
surgery in the authors' department were collected and 
retrospectively analyzed. Here, one year before (2019) and during 
(2020) the COVID-19 pandemic was studied, dividing the 
identified patients into two groups according to the time period of 
treatment. SSI was defined as a postoperative infectious 
complication with the need for surgical revision (with or without 
germ detection) after initial spinal surgery. For the respective 
patients with SSI, baseline characteristics, the severity of the spinal 
procedure (Spine Surgical Invasiveness Index, SSII), as well as the 
microbiological results were examined and compared. 
Results: Number of spine procedures during the COVID-19 
pandemic year was decreased compared to the pre-COVID-19 
period (333 vs 406). Concerning the incidence of SSI requiring 
surgery, there was no significant difference observed between the 
two periods  vs  p=1.0). However, patients with SSI 
during the COVID-19 pandemic were significantly older compared 
to patients with SSI in the pre-COVID-19 period (p=0.02). The 
mean SSII indicated no significant surgical severity difference 
between both groups. There was also no significant difference in 
pathogen distribution between patients with SSI before and during 
the COVID-19 pandemic. 
Conclusion: Spine surgery and postoperative care of surgical 
wounds pose a significant risk for SSI. The lockdown during the 
COVID-19 pandemic resulting in obligatory medical confinement 
has led to a decrease in spine procedures. Patients who required 
surgery for SSI despite confinement measures were older and 
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therefore more vulnerable. However, the implementation of 
pandemic-related infection control measures might have 
contributed to the fact that the risk of SSI after spine surgery was 
still maintained at an acceptable level.  
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Targeted spinal epidural blood patch treatment through mini-
open approach for spinal CSF fistula and spontaneous 
intracranial hypotension in a sleep-awake technique 
*C. von der Brelie1, V. Rohde2, T. Abboud2 
1Georg August Universität, Neurochirurgie, Göttingen, Germany 
2Georg August Universität Göttingen, Neurochirurgie, Göttingen, 
Germany 

Objective: Spontaneous intracranial hypotension is increasingly 
recognized as a cause for refractory headache Symptoms are 
variable but oftentimes limit quality of life especially in younger 
patients. This situation warrants thoroughly and prompt diagnosis. 
High resolution imaging using CT and MR-modality are of 
paramount importance for the localization of the suspected leak of 
cerebrospinal fluid in order to create a tailored therapeutic 
approach. Treatment can range from blood patch injection to 
invasive closure of the CSF leak. We present our series to 
investigate the safety and efficacy of targeted blood patch injection 
in the therapy of intracranial hypotention. 
Methods: We reviewed cases of seventeen patients who were 
treated for refractory spontaneous intracranial hypotenstion at our 
institute between  and 2019. Head and spine MRI as well as 
whole spine myelography with contrast were performed as 
standard diagnostic procedures. All patients underwent a surgical 
implantation of two epidural drains above and beneath the site of 
suspected CSF leak through a minimal invasive interlaminar 
microsurgical approach under general anesthesia, afterward, blood 
patch was injected under clinical surveillance in awake patients. 
Targeted blood patch injection was repeated in patients with 
persistent symptoms. 
Results: Patients presented with orthostatic headache, vertigo, 
sensory deficits and hypoacusis (94%,   12% of the 
cases, respectively). Subdural effusions were present in  of the 
cases, either unilaterally (12%) or bilaterally  An epidural 
CSF leakage was identified in all cases, 76% on MRI and  on 
myelography. The exact site of CSF leak could be defined in 71% 
of the cases  in cervical spine and  in thoracic spine). 
Drainage of subdural hematoma was necessary in 6% of the cases. 
Targeted injection of blood patch was performed with an average 
blood amount of 34 ml. Significant improvement of symptoms was 
reported in 94% of the cases. Two patients (12%) had recurrent 
symptoms and underwent a second blood patch injection. No 
therapy related complications were reported. 
Conclusion: Targeted blood patch injection is a safe and efficient 
treatment for spontaneous intracranial hypotension. It is performed 
in a minimal invasive procedure that can be repeated if necessary 
with a very low risk profile.  
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Risk factors for subsequent vertebral body fractures after 
posterior stabilization of unstable geriatric fractures of the 
thoracolumbar spine  
*U. Spiegl1, J. S. G. Jarvers1, G. Osterhoff1, P. Kobbe2,  
P. L. Hölbing1, K. J. Schnake3, C. E. Heyde1 
1Universitätsklinik Leipzig, Klinik für Orthopädie, Unfallchirurgie 
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2Universtiätsklinik Aachen, Klinik für Unfallchirurgie und 
rekonstruktive Chirurgie, Aachen, Germany 
3Malteser Waldkrankenhaus St. Marien, Zentrum für Wirbelsäulen- 
und Skoliosetherapie, Erlangen, Germany 

Purpose: The purpose of this study was to identify risk factors for 
subsequent vertebral body fractures in geriatric patients with 
thoracolumbar fractures treated operatively. 
Methods: Retrospectively, all patients aged  suffering from an 
acute unstable fracture of the thoracolumbar spine treated with 
posterior stabilization with a loss of reduction of less than 10° over 

a period of at least  months were included. Demographic data 
including the trauma mechanism, ASA score, and the treatment 
strategy, the outcome parameters including the ODI score, pain 
level and satisfaction level, and SF 36 score as well as the 
radiologic outcome parameters were evaluated. 
Results: A total of 73 patients were included with a mean age of 
72 years (range 60 –  years) and a total of  female patients. 
Main fracture pattern were incomplete or complete burst fractures 
(OF  The mean follow-up period was 46.6 months (range  – 
111 months). Fourteen patients had a subsequent vertebral body 
fracture (19.2%). Five out of 6 patients without remembered initial 
trauma and  of patients with low-energy trauma suffered 
from a subsequent fracture (significant association: p< 0.01). 
Additionally, there was an association with female gender (p = 
0.01) and the amount of loss of reduction (p = 0.02). Patients with 
subsequent vertebral fractures experienced statistically significant 
worse outcomes (table 1) . 
Conclusion: Patient with subsequent vertebral body fractures had 
significantly inferior midterm outcome. The trauma mechanism 
correlated significantly with both the rate of subsequent vertebral 
body fractures and the outcome. Other risk factors are female 
gender and an higher bisegmental reduction loss. 
 
Fig. 1 
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The relationship between Cervical Sagittal Malalignment and 
Surgical Complications after Multilevel Anterior Cervical 
Decompression and Fusion 
*F. Vazifehdan1, V. Karantzoulis1, V. Igoumenou1 
1Diakonie Klinikum, Wirbelsäulenzentrum, Stuttgart, Germany 

Introduction: Anterior cervical decompression and fusion 
(ACDF) represents the gold-standard surgical technique for 
degenerative cervical spondylosis with radiculopathy or 
myelopathy. However, multilevel ACDF is associated with higher 
surgical complication and reoperation rates as the number of the 
fused levels increase. The purpose of this study is to investigate 
whether failure in multilevel ACDF is related to changes in 
cervical sagittal parameters and cervical sagittal alignment. 
Materials and Methods: We studied patients treated with 
multilevel ACDF (three and four vertebral segments)  
between January 2012 and January  for cervical spondylosis. 
All non-degenerative cases were excluded. We enrolled 36 patients 
(13 women and 23 men; mean age  years; age range, 39-

 years) with a mean follow up of  (range, 24-41) months. A 
three-segmented fusion was performed in 23 patients (63.9%) and 
a four-segmented fusion in 13 patients (36.1%). We analyzed the 
pre- and postoperative values of C1-C2 angle (C1C2), C2-C7 angle 
(C2C7), T1 slope (T1), and the C2-7 Sagittal Vertical Axis 
(C2C7SVA). 
We found  patients (22.2%) with surgical complications 
presenting at 11.2±6.3 (range, -24) months after surgery 
(complications group). Adjacent segment disease (ASD) was found 
in 3 patients. Failed bony union and/or screw loosening and/or cage 
subsidence were found in  patients. A reoperation was necessary 
in 6 cases. The control group consisted of 27 patients with no 
surgical complications. A statistical analysis of the parameters was 
performed within and among groups using the paired and the 
independent samples t-test, respectively. An analysis among groups 
using the chi-square test was also performed with respect to age, 
sex, and levels of fusion. The level of significance was set to  
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Results: The analysis within the control group showed a 
significant increase after surgery in T1  vs 32±6 degrees, 
p=0.009) and C2C7 (7±9 vs 11±7 degrees, p=0.026), whereas in 
the complications group none of the parameters changed 
significantly after surgery. The analysis of the parameters among 
groups revealed a significantly greater value of C1C2 before 
surgery for the complications group (36±6 vs 30±6 degrees, 
p=0.03). When comparing the two groups for age, sex, and levels 
of fusion no statistical difference was found 
Conclusion: This study shows that patients presenting 
complications after multilevel ACDF present a suboptimal cervical 
lordosis after surgery, additionally to high values of C1-C2 angle 
prior to surgery. Patients requiring a multilevel ACDF should be 
preoperatively studied with respect to sagittal alignment. Those 
presenting C1-C2 angle greater than  degrees should be aware of 
the high risk of complications and of the possibility that a posterior 
fusion could be additionally performed in the postoperative course.  
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Retrospective analysis of antibiotic-related complications and 
adverse events in the treatment of surgically treated patients 
with spondylodiscitis with focus on biofilm-active antibiotics. 
*P. Pieroh1, J. M. Przybyl1, A. Völker2, A. Thümmler2, C. E. 
Heyde2, N. H. von der Höh1 
1Universitätsklinikum Leipzig AöR, Klinik und Poliklinik für 
Orthopädie, Unfallchirurgie und Plastische Chirurgie, Leipzig, 
Germany 
2Universität Leipzig AöR, Klinik für Orthopädie, Unfallchirurgie 
und plastische Chirurgie, Leipzig, Germany 

Introduction: Antibiotic treatment is a key element in the 
treatment of spondylodiscitis (SD). Antibiotics should be 
administered for a sufficient period of time, ideally after 
determining the resistance of the pathogen. In surgically treated 
SD, a biofilm-active antibiotic (BAA) is often administered for a 
short period of time after the insertion of foreign material, in 
addition to targeted or calculated antibiotics. However, to date it 
remains unclear whether the additional administration of BAA 
influences the rate of complications or adverse events. 
Material and Method: Retrospective analysis from 2016-2019 of 
all surgically treated spondylodiscitis patients. The following 
variables were recorded: Demographic characteristics, pathogen 
spectrum analysis (Gram, multidrug resistance), administered 
antibiotics, antibiotic treatment-related adverse events (ATRAE), 
detection of Clostridium difficile, revisions, mortality. 
Results: 209 cases could be included with a total of  antibiotic 
treatment-related adverse events (ATRAE) requiring therapy. The 
mean age was  ± 10.3 years. The pathogen could be isolated in 
149 cases, 21 of which had ATRAE. Multidrug-resistant pathogens 
were found in  cases; 14 with ATRAE. The most frequently used 
antibiotics were clindamycin  and vancomycin  with 

 ATRAE (all cases). Biofilm-compatible antibiotics were applied 
in a total of  cases. In this group, 6 ATRAE occurred. Most 
common antibiotic adverse events: gastrointestinal (nausea, 
vomiting, diarrhoea, reflux) n=4; gastrointestinal with evidence of 
C. difficile n=7. Transaminase elevation with normalisation/ 
pancytopenia (anaemia, leukopenia, thrombocytopenia) n=1 each; 
coagulation changes (thrombosis, pulmonary embolism, Quick 
changes) n=2; hypokalaemia n=7; hypernatraemia n=2; other 
electrolyte changes n=9. Surgical revisions were performed in  
cases, of which 17 were ATRAE. A total of  patients died, of 
which 7 patients died with ATRAE. 
Conclusion: Antibiotic-related adverse events can cause serious 
complications requiring immediate treatment. Regular monitoring 
of antibiotic-specific side-effect-related symptoms is mandatory 
and should be treated interdisciplinary if they occur. An increased 
mortality or complication rate could not be found in the group with 
additionally applied biofilm-active antibiotics.  
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Incidental dural tears in endoscopic lumbar decompression 
surgery, an international multicenter study 
*S. Hellinger1, K. U. Lewandrowski1,2 
1Orthopädisch Chirurgisches Zentrum München, München, 

Germany 
2Center For Advanced Spine Care of Southern Arizona, Spine 
Care, Tucson, United States 

Background: Incidental dural tears during lumbar endoscopy can 
be challenging to manage. Unfortunately, there is limited 
information on their appropriate management, risk factors, and the 
clinical consequences of this typically uncommon complication. 
Materials and Methods: To improve the statistical power of 
studying durotomy with lumbar endoscopy, we performed a 
retrospective survey study among endoscopic spine surgeons 
worldwide by email and chat groups on social media networks. 
Descriptive and correlative statistics were done on the surgeons" 
recorded responses to multiple-choice questions. In addition, 
surgeons were asked about their clinical experience with spinal 
endoscopy, training background, the types of lumbar endoscopic 
decompression they perform by approach, the decompression 
instruments they use, and incidental durotomy incidence and 
handling routine lumbar endoscopy. 
Results: There were  dural tears in 64,470 lumbar endoscopies, 
resulting in an incidental durotomy incidence of 1.07%. 
Endoscopic stenosis decompression  P, .0001), rather than 
endoscopic discectomy (44.1%; 41/93), was significantly more 
associated with durotomy. Medium-sized dural tears (1–10 mm) 
were the most common   Small pinhole durotomies 
(less than 1 mm) were the second most common type (46.7%; 
43/93). Rootlet herniations were seen by 46.2% (43/93) of 
responding surgeons. Over half of surgeons did not attempt any 
repair or closure  47/90). Forty percent (36/90) used 
sealants. Only  (7/ 90) of surgeons attempted an endoscopic 
repair or sutures. Nearly half of the patients   were 
treated with 24-  hours of bed rest. The majority of participating 
surgeons (64%;  reported that the long-term outcome was 
unaffected. Only  of surgeons reported having seen the 
development of a postoperative cerebrospinal fluid (CSF)-fistula 

 However, the absolute incidence of CSF fistula was 
only  (16/64470). Severe radiculopathy with dysesthesia, 
sensory loss, and motor weakness in association with an incidental 
durotomy was reported by 12.4%  3.4%  and 2.2% 

 of surgeons, respectively.  
Discussion: The incidence of dural tears with lumbar endoscopy is 
about 1%. The incidence of durotomy is higher with the use of 
power drills and the interlaminar approach. Stenosis 
decompression that typically requires the more aggressive use of 
these power instruments has a slightly higher incidence of dural 
tears than does endoscopic decompression for a herniated disc. 
Most dural tears are small and can be successfully managed with 
mechanical compression with Gelfoam and sealants. Two-thirds of 
patients with incidental dural tears had an entirely uneventful 
postoperative course. The remaining one-third of patients may 
develop a persistent CSF leak, radiculopathy with dysesthesia, 
sensory loss, or motor function loss. Therefore, patients should be 
educated preoperatively and reassured.  
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Mapping of Venous Sinus Anatomy and Occipital Bone 
Thickness for Safe Screw Placement in 100 patients with 46,200 
Standardized Measurements Using Computed Tomography 
Angiography 
*M. J. Reisener1,2 
1Charité Universitätsmedizin, Berlin, Germany 
2Hospital For Special Surgery, Spine, New York, United States 

Introduction: The most common intervention for instability at the 
craniocervical junction is posterior fixation of the occipital bone to 
the upper cervical spine. [1–4] There have been several reports 
about complications associated with posterior instrumentation 
fusion, including implant failure due to screw loosening, and the 
intracranial venous sinus injury while placing occipital 

–7] Previous biomechanical studies demonstrated that 
bone thickness is one of the main contributing factor for screw 
pull-out strength. –10] Additionally, inappropriate screw 
insertion may cause massive bleeding or occlusion of the  
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The aim of our study was to create topographical maps of the
occipital bone thickness and the presence of the venous sinus (VS)
to assess the risk of screw insertion by comparing multiple
commercially available occipital plates.
Methods: We analyzed 100 consecutive patients who had a CTA
of the head and cervical spine between -
First, we created a matrix of 231 measurements per patient (21
measurements per level) and analyzed the thickness of the occipital
bone (Figure 1). For each measurement, we analyzed the presence
the venous sinus (Figure 2). Additionally, we evaluated four
occipital plates and their screw hole positions in relation to the
occipital bone thickness and the presence of the venous sinus.
Results: The thickest point of the occipital bone measured 13.9
±3.3mm and was at the middle of the occipital bone and
from the foramen magnum around the external occipital
protuberance (EOP) (Table 1). The location with the highest
presence of the VS was around the EOP and the superior nuchal
line. We depicted the occipital plates and the relative position of
the screw holes to the thickness and the percentage of venous sinus
presence.
Conclusion: Our topographic maps show that the regions of the
occipital bone with thicknesses with enough screw purchase were
within a limited area. For every screw hole in our four analyzed
occipital plates, there was a possibility of venous sinus presence
ranging from -33% with the highest presence around the EOP.
Our biometric map of the occipital bone thickness and the analysis
of the presence of the VS can assist surgeons in preventing
complications like VS injuries and to achieve a stable fixation.

Fig. 1

Fig. 2g
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Early intra- and postoperative Complications in C1-2 Fixation
using the Goel – Harms Technique – How often? Which?
Why?
*D. Schray1, U. Heiler1, T. Pitzen1

1SRH Klinikum Karlsbad Langensteinbach, Karlsbad, Germany

Fractures of the axis are among the most frequent spinal injuries.
Posterior C1-C2 fixation according to Goel-Harms is an accepted
alternative to the more traditional procedures: initial stability has
been shown, there is a wide range of indications, however there is a
paucity of data on possible complications. Such knowledge,
however, is essential in order to improve outcomes.
Thus, the aim of the study was

1. to describe frequency, type and severity of early postop
complications following C1-2 fixation acc. to Goel-
Harms,

2. to investigate whether there is a correlation between
frequency and severity of complications,

3. to detect risk factors for complications.
Patients included within this study were treated surgically using the
C1-2 fixation according to Goel-Harms between 03/2011 and

Data were taken from our hospital database, checked via
ICD 10 code "S 12.1". We analyzed age, sex, ASA score, blood
loss, operation time and complications. This information was
extracted from clinical charts.
134 patients were detected, female, mean age years, mean
ASA 3. There were 122 complications. All these complications
were observed within of the patients. These were mainly
minor complications (32%), and severe complications.
Mortality was 2%. We found, that patients having more severe
complications also had significantly more complications when
compared to patients with minor complications (Fisher`s exact test,
p =0.001). Preoperative ASA-Score was the only risk factor to
significantly influence the number (p = 0,001), Fig. 1, and severity
(p = 0,002) of postop complications. Each increase of preoperative
ASA score increased the risk to get one more complication by
factor (Odds Ratio and increased the risk to get a severe
complication by factor 2.43 (Odds ratio 2.43). Intraoperative blood
loss, patient`s age and duration of surgery, however, were not
identified as risk factors for complications.

Fig. 1
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Prevention of surgical site infections in spine surgery: An
international survey of clinical practices among expert spine
surgeons
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Introduction: Surgical site infection (SSI) is a common 
complication in spine surgery which places a heavy burden on 
patients, healthcare stakeholders and society. To date, universal 
guidelines for SSI prevention in spine surgery are lacking. The 
objectives of this study are to depict a global status quo on 
implemented prevention strategies in spine surgery, show common 
themes of practice and determine key areas for future research.  
Material/Methods: Between December 2019 and March 2020, an 

-item survey handled by SurveyMonkey® was distributed 
among AO (Arbeitsgemeinschaft für Osteosynthesefragen) spine 
members, members of the Canadian Spine Society and to members 
of the Spine Program Surgical Faculty at the University of Toronto 
via email. The content of the survey was initially designed by a 
group of neurosurgeons and hygiene specialists and then sent out to 
an International Consensus Group on spine SSI prevention for 
revision and approval. Consensus was defined as more than 60% of 
surgeons agreeing to a specific surgical strategy.  
Results: 472 surgeons participated in the survey. The completion 
rate was 61% and total number of complete responses was  
Preoperative screening for Staphylococcus aureus (SA) is not 
common whereas preoperative decolonization is carried out in 
almost half of all hospitals. Body mass index (BMI) does not play 
an important role for surgery planning. In contrast, elevated HbA1c 
level and hypoalbuminemia were often considered as reasons to 
postpone surgery. Immunosuppressive drugs are discontinued if 
possible. Hair removal in the operating field is mostly performed in 
the operating room (OR) using a razor. Team-time-out is 
established in most hospitals and Cefazoline is the common drug 
for antimicrobial prophylaxis. Blood sugar level, body temperature 
and hemoglobin level are routinely controlled during surgery. 
Alcohol-based chlorhexidine is the most frequent used agent for 
skin disinfection, double-gloving and tissue-conserving surgical 
techniques are routine in the OR. Local antibiotic administration is 
not common. Postoperative wound dressing routines differ between 
the participants. Wound drainage removal depends either on time 
or output volume.  
Discussion: With this study we provide an international overview 
on the heterogeneity of SSI prevention strategies in spine surgery. 
We demonstrated a large heterogeneity for pre-, peri- and 
postoperative measures to prevent SSI. Our data illustrated the 
need for developing universal guidelines and for testing areas of 
controversy in prospective clinical trials.  
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Vertebral body replacement as a standardized procedure for 
360 ° reconstruction - a review of 189 cases 
*B. Kunze1, T. Pfandlsteiner1, O. Kessler1, S. Krebs2, C. Schätz1 
1Orthopädische Klinik Markgröningen, Neuroorthopädie, 
Markgröningen, Germany 
2Orthopädische Klinik Markgröningen, Neuroorthopädie, 
Markgröningen, Germany 

Introduction: The vertebral body replacement has been a standard 
procedure in spinal surgery for decades to compensate substance 
defects on the ventral side, which can arise in the context of 
fractures, inflammation or tumors, for example. Nevertheless, still 
today there is clear resentment towards this procedure. In geriatric 
traumatology in particular, vertebral body replacement is still not 
established as a standard procedure. 
Material/Method: The present work retrospectively analyzes the 
vertebral body replacement operations performed in our clinic in 
the years 01/2019 to 06/2021, cervical, thoracic and lumbar. All 
patients with dorsoventral instrumentation were included. The 
perioperative morbidity of the procedure was determined. For this 
purpose, intraoperative parameters, aproach-related and 
postoperative complications (infections, implant loosening, 
necessary revisions) were recorded. 
Results: In this period,  vertebral body replacement operations 
were performed in our clinic in cervical, thoracic and lumbar 
regions. The indications were fractures as well as spondylodiscitis 
and tumor-related vertebral body destruction. The mean age of the 
patients at surgery was  years. The overall rate of 
complication requiring surgical revision dorsal/ventral was 10%, 
with only three cases  in the ventral access area: a wound 

healing disorder with subsequent wound revision, one case of an 
intraoperative iliac vein injury with a hematoma as well as a further 
retroperitoneal bleeding after previous embolization with existing 
renal cell carcinoma metastasis. The occurrence of dorsal access-
related and general complications (cardiac decompensation, 
pneumonia) and urinary tract infections were recorded. 
Summary: If indicated, vertebral body replacement is a standard 
surgical procedure at all levels of the spine. In addition to tumor 
reduction, focal debridement or kyphosis correction, the main 
reason is solid stabilization, especially in the case of reduced bone 
quality and the risk of implant failure in case of only dorsal or 
ventral instrumentation. With the standardization of the surgical 
technique and surgical experience, the 360 ° treatment (dorsal 
stabilization and ventral vertebral body replacement) can be 
recommended as a safe and low-risk routine procedure.  
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The impact of tranexamic acid during spine surgery on 
transfusion requirements among high-risk patients. 
*J. Alfitian1, A. Rohde2, V. Schick1, W. A. Wetsch1, T. 
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Introduction: The use of tranexamic acid (TXA) in surgical 
procedures with high blood loss is frequent. However, previous 
studies excluded high-risk patients with cardiovascular disease. 
Thus, we investigated whether omission of TXA affects the 
amount of required blood transfusion in spine surgery in high-risk 
patients. 
Methods: We conducted a retrospective propensity score-matched 
non-inferiority study with 202 patients who had undergone 
monosegmental dorsoventral fusion. The primary endpoint was the 
volume of transfused packed red cells. Secondary endpoints 
included risk of transfusion and postoperative hemoglobin decline. 
Non-inferiority margins ( ) were defined a priori and the presence 
of equivalence or non-inferiority was determined via the two one-
sided test (TOST) procedure. 
Results: After propensity score matching,  patients remained, of 
whom 39  were classified ASA3. Fig.1 demonstrates the 
results of TOST ( : dashed lines). 43  patients received TXA 
intraoperatively. In the TXA group,   patients were 
transfused intraoperatively or postoperatively compared to 6 
patients (14%) in the non-TXA group. The risk difference of 
transfusion (Fig. 1B) was therefore -4.7% and omitting TXA was 
non-inferior to TXA administration considering  = 10% (CI 90%: 
-13.62; 4.32%). The intergroup difference in transfused volume 
(non-TXA - TXA) was -23.26 ml intraoperatively (CI 90%: -69.34; 

 ml) and -  ml overall (CI 90%: -   ml), 
respectively. Since the non-inferiority limit  = ±300 ml was 
outside both confidence intervals, we conclude regarding the 
primary endpoint that the omission of TXA is equivalent to the 
administration of TXA and that there is no difference in transfused 
volume (Fig. 1A). The hemoglobin decline between both groups 
(Fig. 1C) was also equivalent (with  = ±1 g/dl) both on the first 
postoperative day ( Hb = 0.02 g/dl, CI 90%: - 3;  g/dl) and 
at discharge ( Hb = -0.29 g/dl, CI 90%: -  to 0.31 g/dl).  
Discussion: We demonstrated that the omission of TXA is non-
inferior to or equivalent with regard to requirement of blood 
transfusion in a collective of high-risk patients. Our results add to 
previous studies that found reduced blood loss but no effect on 
transfusion requirement for TXA, whereas the endpoint of 
transfusion requirement appears to be clinically more relevant in 
light of potential transfusion reactions. The incidence of 
postoperative thromboembolic complications was very low in this 
population, suggesting further studies should be conducted to 
assess the impact of TXA on this type of complications. 
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Outcome and complications of patients with liver cirrhosis
Child stages B&C after spinal instrumentation
*R. Dalkilic1

1Uniklinikum Jena, Neurochirurgie, Jena, Germany

Objective: With this study we want to share our experience and 
outcome with patients with liver cirrhosis Child-Pugh stages B and 
C after instrumented spine surgery. We already know that patients
with cirrhosis (Child-Pugh B & C) are high-risk patients due to
their coagulation problems, higher infection risk, as well as
osteopenia.
Method: Between 2006 and 2020 we have operated on 14 patients
with liver cirrhosis (Child-Pugh B & C) and spinal fractures
(spontaneous and traumatic). All these patients underwent
instrumented spinal surgery. This retrospective study is based on
the patients" conditions, intra- and postoperative complications,
and the patient outcome scores.
Results: The study group comprised 14 cirrhotic patients (11 males
and 3 females). The average age was years (±26). The average
length of stay was 36 days (±27). 4 (29%) patients were admitted
with neurological deficits with hypoaesthesia, 10 (77%) patients
were admitted with thoracolumbar pain. One patient was stabilised
with wire cerclage due to dens fracture, patients
underwent dorsoventral instrumentation, and in 7 patients
we performed only posterior fusion due to thoracic and lumbar
vertebral body fractures. patients experienced
postoperative material dislocation. One of these patients suffered
postoperative paraparesis and of this group had to be re-
operated on due to postoperative epidural bleeding. 4 (29%) of the
patients had postoperative wound infections and one of them
(7.1%) became septic. Postoperative pain reduction was achieved
in only three patients (21.4%). 7 of the cohort required up-
titration of their pain medication postoperatively and one patient
had permanent paraparesis. One patient died postoperatively due to
drastically deranged coagulation. The overall complication rate
was about .6%.
Conclusion: In our experience, in most of patients with liver
cirrhosis (Child-Pugh stages B & C) we were unable to improve
the neurological or pain situation with spinal instrumentation. The
risk of neurological complications and infections are markedly
higher in patients with cirrhosis. These patients require in-depth
and individualised evaluation before undergoing spine surgery with
instrumentation 
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Anticoagulation in spinal surgery does not impact patient"s
safety – a single center cohort study
*M. Banat1, J. Wach1, A. Salemdawod1, G. Bara1, E. Shabo1, J. E.
Scorzin1, H. Vatter1, M. Müller1, L. Eichhorn1

1Uniklinikum Bonn, Bonn, Germany

Background: Oral anticoagulation (OAC) is common in elderly
patients to avoid thromboembolic events. Especially in the
perioperative environment, careful planning is required. Up to date
guidelines for optimal interruption of anticoagulation in spinal
surgery are missing. This study evaluates clinical outcome in
patients with OAC-interruption undergoing complex spinal
surgery.
Methods: This retrospective cohort study was conducted at the
neurosurgery department of a university hospital in Germany. All
patients with complex dorsal instrumentation from January 1, 2019 
to December 31, 2020 were included. In group A vitamin K
antagonists (VKA) were interrupted for days and direct oral
anticoagulants (DOAC) were paused for 3 days. In group B
antiplatelet agents (APA) were paused for at least 7 days before
surgery to prevent perioperative bleeding. There was no 
preoperative coagulation testing and no heparin bridging. We
analyzed demographical data, ASA-status, blood loss,
comorbidities, duration of surgery, blood transfusion and length of
hospital stay in each group. Groups were further analyzed for
surgery problems, needs of surgical revision, thromboembolism
and 30d in-hospital mortality.
Results: In the two years study period a total of 217 patients were
included. patients with VKA/DOAC (group A), 37 patients with
antiplatelet agents (group B), and patients without
anticoagulation (group C) received spinal surgery. People with
anticoagulation were significantly older and multimorbid, but did
not differ significantly in procedural bleeding, time of surgery,
length of hospital stay, complication rate, thromboembolism or 30d
in-hospital mortality
Conclusion: Our data show that dorsal instrumentation in patients
interrupting their anticoagulation is a safe procedure.
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Enhanced Recovery After Surgery (ERAS)" in rehabilitation
after lumbar spine surgery
*J. Schröter1, M. Schütz1, A. Schröter1, L. Dutine1, E. Gercek1

1MEDIAN Rehazentrum Wiesbaden Sonnenberg, Orthopädie,
Wiesbaden, Germany

Introduction: "Enhanced Recovery After Surgery (ERAS)" is a
multimodal, multidisciplinary fast track concept to optimize the
postoperative recovery by means of pre-, peri- and postoperative
interventions. There is an increasing number of publications on 
ERAS-protocols in lumbar spine surgery, but yet there is no 
consensus about the optimal ERAS-practice. There are no standard
guidelines regarding postoperative treatment. The optimal time to
start with an inpatient rehabilitation is a controversial issue. The
objective of this prospective, multicenter, non-randomized, clinical
trial is to enhance the quality of rehabilitation via evidence-based,
standardized treatment pathways of a multimodal approach in the
postoperative phase.
Material/Methods: patients were included after lumbar spine
surgery. In 144 of these we could collect a complete set
of data. The inpatient rehabilitation (REHA) was carried out
following a structured, strictly manualized and standardized 
programme. After an initial medical check, the patients were
divided into three groups of training intensity according to the
Spine Surgery Rehabilitation Study (SSRS) (Schröter et al. 2014):
SSRS-A: High-Intensity Training n=106 (34,3%); SSRS-B:
Moderate-Intensity Training n=110 (44,9%) and SSRS-C: Low-
Intensity Training n=29 
To detect the optimal timing of rehabilitation three postoperative
time intervals were defined (less than 14 days post-surgery, -34 
days post-surgery and more than 34 days post-surgery).
The tools applied for evaluation were the Oswestry Disability
Index (ODI) and the visual analogue scale (VAS).
Results: In all three groups of different intensity training there was
significant improvement of disability (ODI) and pain (VAS). A
structured REHA after lumbar spine surgery thus proved effective
and safe in all SSRS-groups. In the time period considered, the
complication rate could be reduced. The optimal timing to start an
inpatient REHA after lumbar spine surgery is between day and
34 post surgery (subacute phase). There were no significant
differences between male and female patients. The rate of



123

3390 European Spine Journal (2021) 30:3328–3414

discontinuation of therapy due to recurrence or re-operation was
clearly lower than described in the literature.
Discussion: The ERAS-approach can be very well transferred to
the REHA of patients after lumbar spine surgery. It needs to be
based on a structured concept in which the exercise capacity of the
patient is assessed. The study at hand was designed to verify and
differentiate the results of the 2014 SSRS study, whose results it
confirms. A structured REHA after lumbar spine surgery proves to
be effective and safe. A daily standardized training of minutes
minimum is described in no study to date. All trials published yet
refer to an ambulatory and not inpatient setting.

P 68
Clinical outcome and ROM analysis after single-level cervical
total disc replacement using a cervical disc prosthesis
*A. Lang1, S. Lener1, A. Abram 1, L. Grassner1, C. Thomé1, S.
Hartmann1

1Universitätsklinik Innsbruck, Neurochirurgie, Innsbruck, Austria

Introduction: Motion preservation in spine surgery such as the
cervical total disc replacement (cTDR) has gained clinical
importance in recent years. The instantaneous center of rotation
(iCOR) of a motion segment has been shown to correlate with its
total range of motion (ROM) and the determination of the iCOR is
thought to describe the quality of motion. Additionally, a
correlation of the correct placement of cTDR to preserve a
physiological iCOR was found. Nevertheless, the changes of these
parameters and their clinical relevance have not been analyzed for
most current devices. Therefore, the aim of this study was to assess
the radiological and clinical correlation of iCOR and ROM
following cTDR.
Materials and Methods: A retrospective multi-center
observational study was conducted and radiographic as well as
clinical parameters were evaluated preoperatively as well as at the
1-year follow up after cTDR (ROTAIO disc prosthesis, SIGNUS,
Alzenau). Radiographic parameters including flexion/extension x-
rays (flex/ex), ROM, iCOR and the implant position (IP) plus the
corresponding clinical parameters [(Neck Disability Index (NDI)
and the Visual Analogue Scale (VAS)] were assessed. Statistical
analysis was performed by RAYLYTIC GmbH, Leipzig.
Results: index-segments of 49 patients treated with cTDR were
analyzed. Pre- and postoperative ROM showed no significant
changes vs. 10.9°; Significant correlations between
iCOR and IP (Pearson's R: 0.6; p<0.01) as well as between ROM
and IP (Pearson's R: -0.3; p=0.04) were revealed (Fig.1). NDI and
VAS improved significantly from pre- to postoperative evaluation
(p <0.01). A significant correlation between NDI and IP after 1
year (Pearson"s R: -0.39; p<0.01) (Fig.2) was found.
Conclusion: Implantation of the ROTAIO prosthesis, which
allows uncoupled translation, maintains ROM and results in a
physiological iCOR. The exact position of the device influences
the clinical outcome. These results thus optimize implant
positioning and corresponding data should be available for all
cTDR devices to assess the biomechanics of motion and potentially
improve device function by optimal positioning.

Fig. 1

Fig. 2
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Introduction: Demographic changes and the strive for high life
quality and mobility leading to rising geriatric patients
numbers, that receive spine surgery. Most recent studies include
patients with an age above and elective spine surgery, so
little is known about perioperative complications and mortality
in very old geriatric patients aged years and higher.
Material and Methods: We performed a retrospective study
including all patients receiving a surgical treatment for a spinal
disease in a German level one spine centre and university
hospital from 2014 to 2019. All patients older than years
treated in our institution, who received surgical treatment at the
vertebral spine were included. Patients were subdivided into
two groups: Age - (Under90, n=1 and Age 90-
(Group 90plus, n=46). For data collection all medical record in
ISH-SAP (Siemens AG Healthcare Sector, Erlangen, Germany)
were reviewed concerning following parameters: type of
injury/spinal disease, type of surgery, intraoperative and
postoperative complication during in-hospital stay, ASA-Score,
operation time and discharge facility.
Results: In the patient group 90plus most surgical procedures
were performed in case of fractures (n=42, 91.3%), whereas in
the Under90 group secondary tumour lesions 9.6%),
spondylodiscitis (n=29, degenerative changes/ spinal
stenosis (n=11, were treated in addition to the
stabilization of vertebral body fractures (n=123, In 2
cases (13.2 %) sensomotoric deficits were documented prior
surgery and resulted in a sudden operative treatment (Age
group - n=22, 11.7%; 90plus n=3, 63 complications
were in 234 surgically treated patients recorded, Under90
showed slightly more (n=63, 36.2% vs n=12, 26%) During
inhospital stay 22 patients died, representing a mortality of 13%
(in the age group 90plus (n=6 vs n=16,
Preoperative social status consisted of homeliving with or
without support in of the patients. Postoperatively, only ja
minority of patients were able to return to their own homes

vs 12%), most required acute geriatric care, rehabilitation
or nursing homes.
Discussion: Spine surgery in geriatric patient over years
works with a delicate patient group in need for careful decision
making, accurate perioperative care due to a high complications
rate and in hospital mortality and sophisticated discharge
management to ensure adequate quality of life.
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Introduction: Lumbar discectomies can either be performed 
open or in order to minimize approach related morbidity by 
minimally invasive (MIS) or full endoscopic (FESS) spine 
surgery. The aim of this study was to identify the most 
favorable of the non-open techniques in terms of length of stay, 
duration of surgery, complications and costs. 
Materials/Methods: We retrospectively analyzed  patients 
who underwent one level lumbar discectomies at two different 
spine centers within  years. Exclusion criteria were previous 
spine surgeries as well as trauma related disc herniations and 
patients who suffered from tumor diseases. In addition to the 
operative technique, we assessed age, sex, Body Mass Index 
(BMI), duration of surgery, perioperative complications, length 
of stay, costs and benefits. 
Results: Of all included cases 232 patients (43.97 % female, 

 % male) had MIS and 149 patients (40.94 % female, 
 % male) had FESS. The mean BMI of all patients was 
 (±  kg/m2 and the mean age was  (± 14.60) 

years. The rate of complications was  % after MIS (n: 13) 
vs. 1.34 % after FESS (n: 2). 10 cerebrospinal fluid (CSF) leaks 

 % [n: 9] MIS vs. 0.67 % [n: 1] FESS), 3 recurrent disc 
herniations  % [n: 2] MIS vs. 0.67 % [n: 1] FESS) and 2 
epidural hematomas  %, both MIS) were observed. None 
of the patients had surgical site infections or osteomyelitis 
postoperatively. Compared to the MIS group, the duration of 
surgery was significantly higher in the FESS group (62  ± 

 minutes vs. 112.04 ± 39.44 minutes; p < 0.0001), whereas 
the length of stay was significantly shorter than in the MIS 
group  ± 2.24 vs.  ± 2.39 days; p < 0.0001) as only 
13.42 % (n: 20) were inpatient in the FESS group. Focusing on 
the complications the costs  ± 1140.47 vs. 7740.37 ± 
3243.0 €; p < 0.0001) and the benefits (4021.60 ±  vs. 

 ± 3147.61 €; p = 0.0049) were both higher when 
complications occurred, but the benefit after subtracting the 
costs was significantly higher in the group without the 
complications mentioned above (p < 0.0001). 
Discussion: In comparison to MIS, FESS lumbar discectomies 
lead to longer durations of surgery, but also to more satisfying 
results in terms of length of inpatient stay, occurrence of 
recurrent disc herniations, CSF leaks and epidural hematomas. 
Besides affecting the patients" health negatively, complications 
should also be avoided as they result in higher costs, what 
makes FESS even more of an innovation and more preferable 
given that the technique is mastered.  
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This study aims to describe the posterolateral epidural supra-C2-
root approach (PESCA), which might be a good alternative to the 
transoral, anterolateral, and other posterolateral approaches for 
biopsy of lesions of the odontoid process (OP) and retro-odontoid 
region. 
The preoperative planning of PESCA included computerized 
tomography (CT), CT-angiography, and three-dimensional 
reconstruction (if possible, even with three-dimensional-print) to 
analyze the angle of the trajectory and the anatomy of the vertebral 
artery (VA). For PESCA, the patient is positioned under general 
anesthesia in prone position. In case of an osteolytic lesion with 
fracture of the OP, an x-ray is performed after positioning to verify 
anatomic alignment. In the first step, in case of instability and 
compression of the spinal cord, a craniocervical fusion and 
decompression is performed (laminectomy of the middle part of the 
C1 arc and removal of the lower part of the lateral C1 arc). 

The trajectory is immediately above the C2-root (and under the 
upper rest of the lateral part of C1 arc). Even if the trajectory is 
narrowed, it is possible to perform PESCA without relevant 
traction of the spinal cord. The vertical segment of V3 of the VA at 
the level of C2 is protected by the vertebral foramen and the 
horizontal part of V3 is protected by the remnant upper lateral part 
of the C1 arc (in case of normal variants). 
We performed PESCA in two patients with unusual lesions of the 
odontoid process (patient 1: 72-year-old man) and the retro-
odontoid region (patient 2: 70-year-old woman). Both patients 
recovered well from surgery. 
The pathological examination of the masses showed in the first 
case a very unusual spondylodiscitis of the OP (microbiological 
analysis of the probe revealed Corynebacterium striatum) and in 
the second case a crowned dens syndrome. 
The lesions were treated in the first case with vancomycine and in 
the second case with non-steroidal anti-inflammatory drugs. 
In both of our patietns the pathological findings were the key to the 
successful treatment of two very rare diseases.  
PESCA might be a good choice for biopsy of selected lesions of 
the OP in same sitting procedure after craniocervical stabilization 
and decompression  
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Introduction: Most chief physicians (Cp) in Germany are male, 
mainly in surgery1. Female medical students (up to 70%)1 and 
female residents (fRES) are becoming increasingly predominant. A 
compatibility of career and family becomes even more important. 
Material/Method: Gender distribution (DWG level I and II 
clinics) in orthopedics and trauma (OUC), spine (WSC), and 
neurosurgery (NCH) using Internet data. Comparison with 
"female" specialty: gynecology (GYN). Online survey (22 
questions) emailed to residents. Analysis: mean in percent, 
statistical differences by t-test (significance level  
Results: Distribution OUC, WSC, and NCH at 24 DWG centers: 
fRES -36%, female specialists/supervisors (fSUP) 0-30%, fCP 
0-14%, distribution GYN at  university hospitals: fRES  
fSUP 64%, fCP 20%. Returned questionnaires=277, complete 

 not evaluable=27. Proportion of fRES: OUC  
NCH  GYN  No significant differences regarding age 
group, level of postgraduate education and doctorate in all subjects. 
Most habilitation plans in NCH, statistically significant to OUC 
(cf. table 1). A total of 49% were told during their university 
studies that a specialty was not suitable for gender-specific reasons 

-76-%, m10-33%). Most common reason FOR a specialty: 
all disciplines: operational activity, 2nd most common reason: 
OUC: f: good working atmosphere, m: establishment, NCH: f: 
career and good working atmosphere, m: good working 
atmosphere, GYN: f: establishment, m: career. Most frequent 
reason AGAINST a specialty:  hardly possible to be 
established, NCH: negative management by senior physicians. 
Compatibility of work/family had most influence on the choice of 
specialty in GYN, in NCH barely any influence. Family life is 
significantly better supported by the team in GYN than in 

  by the clinic in all specialties rather poorly. 
27-  of all RES have children, correlation with age (r=0.47). 
9% of  pursue specialization in WSC with the 
following aim: senior leadership 29% (f36%, m17%), OA 41% 
(f36%,  establishment   m17%). Compatibility 
of work/family had no influence (f100%,  on the profession. 
Work/family balance rather poor, little support for family life from 
team or clinic. 
Discussion: The results show that in OUC and NCH, work/family 
compatibility (cf. figure 1) and support from team and clinic are 
ranked as significantly worse compared to GYN. mRES are more 
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likely to go to private practice. The number of women aiming for a 
leading position is higher among residents specializing in WSC. 
The results should give reason to optimize a career path even with 
family or family intentions. 
1 Federal Statistical Office 
 
Fig. 1 

 

P 73 
Cervical spinal stenosis as a relevant spine pathology in 
patients with mucopolysaccharidosis 
*T. Pantel1, M. Lindschau2, P. Kunkel3, M. Dreimann4,  
N. Muschol2, S. O. Eicker1 
1Universitätsklinikum Hamburg-Eppendorf, Klinik für 
Neurochirurgie, Hamburg, Germany 
2Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik 
für Kinder- und Jugendmedizin, Hamburg, Germany 
3Universitätsmedizin Mannheim, Pädiatrische Neurochirurgie, 
Mannheim, Germany 
4Uniersitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik 
für Unfallchirurgie und Orthopädie, Sektion Wirbelsäulenchirurgie, 
Hamburg, Germany 

Introduction: Mucopolysaccharidosis (MPS) are lysosomal 
disorders, mainly diagnosed in pediatric patients. Those are 
frequently affected by spine pathologies of which one relevant 
form is the cervical spinal stenosis (CSS) with secondary spinal 
cord compression (SCC) caused by glycosaminoglycan (GAG) 
accumulation in the dura mater and surrounding ligaments. CSS 
can be diagnosed incidentally during follow-up examinations but 
patients can also present with rapid progressive clinical 
myelopathy. Once symptoms occurred a timely surgical therapy is 
yield to be the therapy of choice. In this study we therefore set out 
to investigate our MPS cohort for preoperative neurological status, 
surgical therapy and postoperative course to gain evidence for 
optimal therapeutic approach. 
Methods: We performed a retrospective analysis of patients with 
MPS and CSS from  to 3/2021. Demographics, clinical 
data, pre- and postoperative neurological status and treatment 
procedure were extracted. Electrophysiogical data were assessed 
for neurological course during follow-up and MRI data were 
analyzed for extent of CSS, spinal canal diameter and radiographic 
sings of cervical myelopathy. This study was approved by the local 
ethics committee (2021-300037-WF). 

Results: Overall 24 patients with MPS and CSS were identified of 
which  finally met the inclusion criteria of this study and were 
assigned to further investigation. Sex and age was distributed 
equally, diagnosis of MPS and CSS was mainly made during early 
childhood (n=14,  Mean documented follow-up was  
± 77 months. In our cohort most dominate MPS subtype was I-H 
follow by IV-A. CSS was multisegmental with at least four 
affected cervical segments in all cases. Neurological deterioration 
was the most frequent cause for further diagnostics (n = 13, 

 Surgical procedure of choice was microsurgical 
decompression with posterior fusion (n=16,  Spinal canal 
diameter was extended by surgery from 6.6 ± 1 mm to 10 ± 2.1 mm 
(p  Five patients with initial neurological deterioration had 
persisting impairments after surgery. In relation to MPS subtypes 
patients with type I-H had the most favorable and those with type 
VI the most unfavorable course. 
Conclusions: Cervical spinal stenosis is a relevant co-morbidity in 
MPS patients. Therapy of choice is a posterior decompression with 
fusion and resection of thickened ligaments and epidural tissue 
layers which should be carried out timely after symptom onset. 
Hence neurological impairment can persist even after surgery, a 
frequent and detailed examination of these patients is essential. 
Despite it is a rare spine pathological entity spine surgeons should 
be aware of.  
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Introduction: Major spinal surgical procedures are associated with 
severe acute and postoperative pain, prolonged consumption of 
opioid analgesics and a great variability in length of stay (LOS). 
Thereby, proper pain control is an important therapeutical 
intervention in the postoperative phase, favourably with minimal 
use of opioids. Opiods several negative side effect including 
nausea/vomiting, drowsiness and obstipation leading to delayed 
mobilisation of the patient. Then there is the realistic risc of opiod 
dependency. The use of loco regional anaesthesia still seems 
controversial as different studies give contradictory results. 
In our centre, a new technique has been introduced, in which 2 
catheters are placed under the thoracolumbar fascia (TLF) with a 
continuous administration of local anaesthetics. This retrospective 
observational study aimed to examine the effect of this continuous 
block on pain scores, opioid consumption and LOS.  
Materials and Methods: The  patients that underwent major 
spinal surgery, such as posterior lumbar interbody fusion, 
oncological spinal surgery and spinal surgery after trauma, 
received 2 TLF catheters post procedure. Both catheters were 
positioned at the line of the processi transversus, one on each side 
of the lamina. This to ensure maximum regional anaesthesia by 
blocking the ramus dorsalis of the exiting nerve root. Primary 
outcome measures were VNRS scores, opioid use and time of full 
mobilisation.  
Results: 22 patients with a TLF catheter and 46 patients without 
TLF catheter were included in analysis. On day one after surgery 
the median use of oxycodone was  mg by the group with TLF 
catheter and 20 mg by the group without TLF (P=0.000) On day 
0,1,2,3,4,6,7 and 10 the median opioid consumption in the TLF 
group was also statistically significantly lower. In the subsequent 
days (day  opioid consumption was lower in the TLF 
group, but not statistically significant. NRS scores were lower but 
not statistically significant. Mobilisation was also not statistically 
significant  
Conclusion: The use of TLF catheters after major spinal surgery is 
a promising technique. It enhances postoperative pain control and 
significant reduction in opioid consumption in the first days after 
surgery, thereby facilitating early mobilisation. Further, 
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prospective studies are needed to investigate the clinical impact of 
this technique.  
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Background: Hybrid-operating rooms (hybrid-OR) are used in 
different fields of surgery. In spine surgery the possibility of a high 
resolution 2D images and the possibility of 3D-scans showed 
promising results in minimal invasive pedicle screw placement. In 
combination with the possibility of 3D-navigation even pedicle 
screw placement in the upper thoracic spine can be done minimal 
invasive. Still, the disadvantage of high cost and possible increased 
radiation needs to be compensated with high accuracy and safety. 
Material and Methods: From June 2014 till December 2019 a 
hybrid operating room was used for minimal invasive pedicle 
screw placement in a level-1-trauma center. It consists of a floor-
based flat-panel robotic C-arm with 3D-scan capability (Artis 
Zeego, Siemens; Germany) combined with navigation (BrainLAB 
Curve, BrainLAB; Germany). All patients with fractures T1 to  
were included in the study. In all cases a Jamshidi needle was 
advanced through the pedicle and a K-wire was placed. If 2D 
image quality did not allow safe placement 3D-navigation was 
used to place the K- wire. Afterwards 3D-scan was performed to 
control perfect position of the K-wire and pedicle screw thickness 
and length was planned in the 3D-scan before placement of the 
screws. If a K-wire needed repositioning another 3D-Scan was 
performed. Postoperative CTs were used to evaluate perforation of 
the pedicle screws. Screw perforation grade was assessed as grade 
0 when completely within the pedicle. Grade I under 2 mm, grade 
II under 4 and grade III with more than 4 mm outside the pedicle. 
Results: Overall  screws were placed in the upper thoracic 
spine (T1-T6), 746 in the lower thoracic spine (T7-T12) and 646 in 
the lumbar spine. Navigation was used in 31 out of  upper 
thoracic spine cases, in 12 out of 123 lower thoracic spine cases 
and in 12 out of 146 lumbar spine cases. In 33 out of 327 cases at 
least one K-wire was changed after the 3D-Scan. Overall  
pedicle screws were completely within the pedicle,  were 
assessed as grade I, 16 as grade II and 0 as grade III. So overall 
99,1% of the screws showed perforation less than 2mm. Mean 
radiation was  /- 26 mGy and significantly higher in the upper 
thoracic spine compared to the lumbar spine.  
Discussion: In conclusion despite higher costs and radiation the 
hybrid-OR allows highest accuracy and therefore patient safety in 
minimal invasive pedicle screw placement in the thoracic and 
lumbar spine.  
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Introduction: This single-center study aimed to develop a 
convolutional neural network to segment multiple consecutive 
axial magnetic resonance imaging (MRI) slices of the lumbar 
spinal muscles of patients with lower back pain and automatically 
classify fatty muscle degeneration.  
Methods: We developed a fully connected deep convolutional 
neural network (CNN) with a pre-trained U-Net model trained on a 
dataset of  axial T2-weighted MRI images from 100 patients 
with lower back pain. We included all qualities of MRI; the 
exclusion criteria were preexisting fractures, tumors, infection, or 
spine implants. The training was performed using k-fold cross-

validation (k = 10), and performance was evaluated using the dice 
similarity coefficient (DSC) and cross-sectional area error (CSA 
error). For clinical correlation, we used a simplified Goutallier 
classification (SGC) system with three classes.  
Results: The mean DSC was high for overall muscle (0.91) and 
muscle tissue segmentation  but showed deficiencies in fatty 
tissue segmentation  The CSA error was small for the 
overall muscle area of  and fatty tissue segmentation 
showed a high mean CSA error of 40.74%. The SGC classification 
was correctly predicted in  of the patients.  
Discussion: Our fully connected CNN segmented overall muscle 
and muscle tissue with high precision and recall, as well as good 
DSC values. The mean predicted SGC values of all available 
patient axial slices showed promising but not clinically relevant 
automated results. Larger datasets and training of other model 
architectures are required to segment fatty tissue more accurately.  
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Objective: Surgical access to the anterior structures of the 
cervicothoracic junction and upper thoracic spine is challenging 
and controversy persists whether to choose an anterior or posterior 
approach. The anterior approach via partial sternotomy has been 
described allowing for good exposure of the vertebral bodies but 
less is known about early and late morbidity of this apparently 
invasive access route. The aim of this study was to assess early 
morbidity and outcome in patients undergoing anterior access to 
the cervicothoracic junction via partial sternotomy. 
Methods: A total of 6 cases, with an acute pathology of the upper 
thoracic spine from T1 to T4 (3 metastatic fractures, 1 bicycle 
accident traumatic fracture, 1 tuberculotic fracture, 1 thoracic disc 
herniation with spinal cord compression), undergoing ventral 
thoracic corpectomy and fusion via partial sternotomy between 
2017 and 2021 were retrospectively reviewed. Technical 
feasibility, early and late morbidity and clinical and radiological 
outcome was evaluated.  
Results: Median age was  years (range: 21-74 years), 4 
(66.7%) were male and 2 (33.3%) female. 4 (66.7%) cases were 
American Society of Anesthesiologists (ASA) grade 2, 2 cases 
(33.3%) were grade 3. The median Spinal Instability Neoplastic 
Score (SINS) was 12 (range 9 – 14). Partial sternotomy was 
performed by thoracic surgery at the 4th intercostal space. All 
exposures were performed via the right side under stimulation-
monitoring of the recurrent laryngeal nerve. 2 (33.7%) cases 
underwent additional posterior instrumentation, the other 4 (66.7%) 
had stand-alone anterior fusion. All surgical procedures were 
performed uneventfully with no new neurological deficits. Median 
length of hospital stay was  days (range 6-16) including median 1 
day on ICU, respectively. Blood transfusion was necessary in two 
cases. Median blood loss was  Two cases (33.3%) 
developed slight to moderate postoperative dysphagia with 
maintained unrestricted oral diet. Both recovered completely 
during follow-up. One case developed a wound healing disorder 
treated conservatively. There was no sternal instability or post-
sternotomy pain. All cases were discharged on non-steroidal pain 
medication only. No in-hospital mortality was observed. 
Radiological outcome was unremarkable in all cases with no case 
of implant failure. One case died due to the underlying disease 
during follow-up. The median follow-up was 3 months (average: 
1–29 months). 
Conclusion: Our series indicates that the anterior approach to the 
cervicothoracic junction and upper thoracic spine via partial 
sternotomy is a safe and effective option to treat anterior spine 
pathology also in multi-morbid patients. In our opinion, an 
interdisciplinary approach and stimulation-monitoring contribute to 
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the safety profile and reduce postoperative morbidity. Careful case 
selection is essential in order to adequately balance clinical benefits 
and surgical invasiveness for these procedures.  
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Objective: Numerous minimally invasive (MI) lumbar interbody 
fusion (LIF) approaches can be used to treat patients with 
degenerative lumbar disease (DLD). However, it is uncertain 
whether patients receiving an anterolateral or posterior approach 
achieve similar outcomes and fusion rates. The purpose of this 
study was to generate real-world, global evidence of the 
effectiveness and safety of anterolateral and posterior MI-LIF 
approaches. 
Material/Methods: DLD patients without spondylolisthesis 
indicated for anterolateral (ALIF, DLIF, OLIF) or posterior 
(MIDLF, PLIF, TLIF) MI-LIF surgery were consecutively enrolled 
(n=109) in a multi-center prospective clinical study 

 across Asia, Europe, and Latin America. Each 
procedure was completed by an MI experienced surgeon who 
determined the approach for each patient. Demographic and 
outcome data [disability (ODI), back and leg pain (VAS), quality 
of life  fusion status and serious adverse events (SAE)] 
were collected at baseline, 4 weeks, 3- and 1-year post-surgery. 
Fusion status was assessed at 1-year. 
Paired t-test and ANCOVA were used to test for improvements 
from baseline and between group differences. 
Results: Fifty of 109 patients received anterolateral MI-LIF  
1-level; 42% 2-level) and  patients received posterior MI-LIF 

 1-level, 14% 2-level). Stenosis was less common in patients 
who underwent anterolateral (60% first level,  second level) 
compared to posterior  at first level,  at second level) MI-
LIF procedures. 
At 1-year post-surgery, patients reported on average, statistically 
significant and clinically important improvements on all outcome 
measures compared to baseline regardless of approach used. There 
was no statistically significant difference in the level of 
improvement between patients receiving an anterolateral or 
posterior approach for ODI, leg pain and  index score. 
Patients treated with a posterior approach had a greater reduction in 
back pain compared with anterolateral treated patients (p =0.017). 
Overall,  of patients assessed achieved fusion by 1-year 
(anterolateral group 91.2%, posterior group  (Table 1) 
One MI-LIF procedure-related and one device-related SAE in the 
anterolateral group were reported. 
Conclusion: Despite the anterolateral group having a higher 
percentage of patients requiring a 2-level MI-LIF compared to the 
posterior group, the fusion rates and PROMs were similar; the 
exception being for the reduction in back pain which favored the 
posterior group. It is however not clear if surgeons are matching 

the approach to the patient, or if it does not matter which approach 
is used. It is important for clinical guidelines and patient profiles to 
be defined to establish who is most likely to benefit from which 
approach.  
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Variation of cervical alignment parameters according to gender, 
pelvic incidence and age 
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Introduction: Cervical sagittal alignment parameters may vary 
according to age and spinopelvic morphology. The purpose of this 
prospective observational study was to describe global alignment 
parameters from childhood to elderly  to  without spinal 
pathology with respect to gender and pelvic incidence (PI).  
Methods: EOS radiographs of 2 9 individuals  females, 1111 
males) were analyzed. Cranial cervical parameters were: McGregor-
C2, C1-C2, posterior occipito-C2 angles. Caudal cervical parameters 
were: C2-C7, C2-apex (upper arch) and apex-cervicothoracic 
inflexion point (lower arch) lordosis, C7 and T1 slope. Cervical 
morphology and the number of vertebrae in lordosis were assessed. 
The distribution of parameters was analyzed using a Bayesian 
inference (significance  Correlations with global alignment, 
TK, LL and spinopelvic parameters were investigated.  
Results: Among cranial parameters, McGregor and C1-C2 lordosis 
was larger in females, and increased significantly during growth, 
whereas the posterior occipito-C2 angle decreased  Among 
caudal cervical parameters, C2-C7 lordosis, C7 and T1 slope was 
lager in males and increased after  years  Roussouly 1-2 
(small PI) had larger values  Lordosis changes were non-
significant in the upper arch, whereas values increased in the lower 
arch after  years, were large in males and Roussouly 1-2  
The average number of vertebrae in lordosis was 7 in all age groups. 
Cervical morphology was lordotic in  kyphotic in 1.3%, 
sigmoid in 47.9%. Strong correlations existed between C2-C7, 
caudal arch lordosis and C7, T1 slope, TK and the level of 
cervicothoracic inflexion point   There was no 
significant correlation with global and spinopelvic parameters.  
Conclusion: This observational study demonstrates that values for 
cervical alignment parameters vary with age, gender and spinopelvic 
alignment type. In the cranial cervical spine, changes occur mainly 
during the growth period. In the caudal cervical spine, lordosis 
increases mainly in the lower arch. This is strongly related to thoracic 
kyphosis which increases with age and where the caudal cervical 
arch might act as a compensatory segment.  
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Musculature adaption in patients with lumbosacral transitional 
vertebrae 
*L. Becker1, K. Ziegeler2, T. Diekhoff2, Y. Palmowski1, M. 
Pumberger1, F. Schömig1 
1Charité Berlin, CMSC, Berlin, Germany 
2Charité Berlin, Institut für Radiologie, Berlin, Germany 

Introduction: Although lumbosacral transition vertebrae (LSTV) are 
one of the most common congenital anomalies of the spine, their 
influence on soft tissue anatomy is not well studied. The relationship 
between LSTV, increased incidence of spinal degenerative diseases, 
and lumbar back pain is controversially discussed in the literature. 
Whereas, atrophy of trunk and lumbar muscles and associated trunk 
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weakness is linked to LBP. The aim of this study was to analyze the
association between LSTV and changes in volume, mass, symmetry
and degeneration of the lumbar and trunk muscles.
Material/Methods: From a patient population of abdominal
pelvic CT scans were analyzed in 46 patients with LSTV and a
control group matched for age and sex. LSTV were classified
according to the Castellvi classification. The muscle volume between
L1-S1 as well as the muscle cross-sectional area of the M. psoas, M.
quadratus lumborum, M. multifidus et erector spinae, M. obliquus
abdominis, M. rectus abdominis muscles were measured at defined
heights between L1 and S1 using Amira for Life & Biomedical
Sciences – 2D- visualization and analysis software and were
segmented from the remaining soft tissue. Treshhold segmentation
was used to differentiate between muscle and adipose tissue within a
muscle string. In addition, an optical classification of the fat content
of a muscle based on the Goutallier classification was assessed.
Results: The muscle volume of the multifidus et erector spinae and
trunk muscles was significantly lower in patients with LSTV (707.0
cm ³ vs. cm ³, p < 0.001). Musculature had significantly
increased fat content in patients with LSTV in all cross-sections
except the caudal multifidus et erector spinae muscle (psoas muscle p
< 0.04, quadratus lumborum muscle p < 0.001, paravertebral muscles
p = 0.011, rectus abdominis muscle p < 0.001, obliquus abdominis
muscle p < 0.001). The correlations between the expression of
transitional dysfunction measured by Castellvi classification and
muscle volume were significant (p = 0.001). A significance level of

was defined. Matching pairs were analyzed using the
Wilcoxon rank sum test, nominal data were compared using Chi-
Square Test.
Discussion: LSTV are associated with a decrease in muscle volume
and an increase in muscle degeneration of both lumbar and trunk
muscles. This indicates that a change in bony anatomy is associated
with a reduction in muscle mass. This may result from a limitation of
segmental mobility and a higher degree of osseous restrictions.
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A novel 3D radiographic analysis of the spine in adolescent
idiopathic scoliosis: can 3D parameters complement the
current 2D assessment?
*T. Ackermans1, S. Schelfaut2, T. Overbergh1, L. Scheys1,2,
L. Moke1,2, P. Moens2

1KU Leuven, Institute for Orthopaedic Research and Training,
Leuven, Belgium
2University Hospitals Leuven, Division of Orthopaedics, Leuven,
Belgium

Background: Adolescent Idiopathic Scoliosis (AIS) is a growth
defect of the spine that primarily occurs in pre-pubertal children 
and is defined as a complex 3D "rotatory" or "torsional" deformity
of the spine. Although, AIS is a 3D deformity of the spine, the
selection of fusion levels by the treating surgeon is still based on
2D static radiographic parameters. Consequently, the surgeon 
presently relies on a 2D simplification of the 3D spinal deformity.
Objective: To introduce a novel 3D analysis method that addresses
the limitations of current 3D reconstruction methods, that are often
difficult-to-understand and time-consuming, and to compare the
novel 3D parameters to the 2D assessment.
Material/Methods: Fifty-four surgically treated AIS (Lenke 1 or 
2) patients (age: 16.9 ± yrs.) with preoperative low-dose
biplanar radiographic imaging (EOS Imaging System, France)
were selected retrospectively. The following parameters were
measured in 2D: 1) lumbar modifier; 2) Stable Vertebra (SV); 3)
T1 tilt and rotation; 4) L4 tilt and rotation; and leg length
discrepancy (LLD). The Neutral Vertebra (NV) rotation was also
analysed in 3D. The 3D analysis was performed by indicating
relevant landmarks (Figure 1) on both spatially calibrated
radiograph planes after which a 3D reconstruction provided the 3D
position of these landmarks. Next, these landmarks were imported 
in MATLAB software (MATLAB 2013b, MathWorks Inc., USA)
to calculate the 3D parameters with the pelvis used as reference
frame. To examine differences between the 2D and 3D analysis in
terms of tilt a paired samples T-test was performed. A Spearman"s
rho correlation was executed to investigate the association between

the T1 and L4 rotation determined by the Nash & Moe
classification (2D) and in degrees (°) in 3D.
Results: The mean LLD was 3.63±3.44 mm. The 2D vs. 3D
comparison revealed that a mismatch occurred for 1/3 AIS patients

out of for the lumbar modifier and for 24% of the AIS
patients (13 out of for the SV selection. In 7 out of the 13
patients, the SV in the 3D analysis was one vertebra above the 2D
analysis, which potentially could have resulted in a shorter fusion.
No significant differences in T1 and L4 tilt were identified between
the 2D and 3D analysis (2D: T1: 7.4 ± 4.9°, L4: 6.4 ± 4.9°; 3D: T1:

± 4.6°, L4: ± 3.6°). A moderate association
between 2D and 3D was identified for the T1 rotation (r = 0.391)
and the L4 rotation (r = Although, assumed to be neutral in
2D, the mean rotation of the NV was in 3D.
Conclusions: The present study introduces a relatively quick (20-
30 min) and easy-to-use 3D analysis method that could
complement the current 2D assessment. Especially, in the selection
of the Lumbar modifier and SV, and potentially in terms of the
vertebral rotation. We are presently investigating the exact impact
of this new 3D information on the clinical decision-making in AIS.

Fig. 1
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Influence of double rods and ALIF cages on micro-movements
and stresses in the context of Ponte Osteotomies
A. Leszczynski1, F. Meyer1, *Y. P. Charles2, C. Deck1, R.
Willinger1

1ICube, MMB, Straßburg, France
2Hôpitaux Universitaires de Strasbourg, Service de Chirurgie du 
Rachis, Straßburg, France

Introduction: Ponte osteotomies are used for the surgical
corrections of severe adult scoliosis. These surgical corrections are
associated with mechanical complications in the long term.
Pseudarthrosis with rod fractures occurs mainly at the osteotomy
side or at the lumbosacral junction. ALIF cages and/or double rods
could decrease micro-movement, reduce stress on the primary rods
and prevent complications. The objective is to compare the Range
Of Motion (ROM) and maximum stress on the primary rods for
several instrumentation configurations using a validated (L1-
pelvis) Finite Element Model (FEM).
Materials and Methods: A Ponte osteotomy is performed at L4-

of a previously validated lumbopelvic FEM (Figure 1). The
primary instrumentation consists of pedicle screws and mm
diameter CoCr rods ranging from L2 to pelvis. Six configurations
are simulated: 2 rod (Config1), 2 rod ALIF at L4- (Config2), 2 
rod 2 ALIFs at L4-S1 (Config3), 4 rod (double L3-S1) (Config4),
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4 rod ALIF at L4- and 4 rod 2 ALIFs at L4-S1
(Config6). Pure moments of Nm in flexion (FL), extension 
(EX), lateral bending (LB) and axial torsion (AT) are applied to
L1. The pelvis is constrained. Results are evaluated in terms of 
ROM and maximum von Mises stress.
Results: The global ROM are: 7,9° (Config1), (Config2), 7,4°
(Config3), 7,2° (Config4), 7,2° 7,0° (Config6) in FL;

(Config1), 4,9° (Config2), 4,6° (Config3), 4,6° (Config4), 4,6°
4,4° (Config6) in EX; 3,4° (Config1), 3,4° (Config2),

(Config3), 3,4° (Config4), 3,4° 3,4° (Config6) in
LB; 2,6° (Config1), 2,4° (Config2), 2,4° (Config3), 2,3° (Config4),
2,2° 2,2° (Config6) in AT. The von Mises stresses are:
194MPa (Config1), (Config2), 147MPa (Config3),
140MPa (Config4), 139MPa 134MPa (Config6) in FL;

(Config1), 147MPa (Config2), 120MPa (Config3),
(Config4), 112MPa (Config6) in EX;

71MPa (Config1), 62MPa (Config2), 62MPa (Config3), 69MPa
(Config4), 70MPa 70MPa (Config6) in LB;
(Config1), 116MPa (Config2), 121MPa (Config3),
(Config4), (Config6) in AT. A more
detailed distribution of the stresses is presented in Figure 2.
Conclusion: ALIF cage placements reduce micro-movements and
maximum stress on the primary rods. Rod doubing increases this
effect in FL-EX and AT, which might reduce the risk of rod 
fractures and pseudarthrosis. In lateral bending there is no
significant difference between the configurations. The use of these
surgical strategies could shift the problem to adjacent regions to
interbody cage and rod doubling placements.

Fig. 1

Fig. 2
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Analysis of thoracic kyphosis in structural thoracic adolescent
idiopathic scoliosis (Lenke type 1 and 2) - 307 cases
*C. Berlin1, M. Quante1, B. Thomsen1, M. Köszegváry1, F. Pécsi1,
H. Halm1

1Schön Klinik Neustadt, Wirbelsäulenchirurgie mit
Skoliosezentrum, Neustadt i. H., Germany

Introduction: Adolescent idiopathic scoliosis (AIS) is frequently
accompanied by a flat back to thoracic lordosis. However, this can
usually be corrected worse by posterior correction and fusion with
pedicle screw double rod system, the gold standard, versus a
correction and fusion using ventral approach. The aim of this study
was to analyze the change in sagittal profile of the spine in all
thoracic AIS, with special consideration of AIS with preoperative
flat back (<10° kyphosis).
Material/Method: Retrospective analysis of prospectively
collected data of AIS with structural thoracic curve (type 1 and 2 
according to Lenke classification). Surgery (2010-2021) in a
scoliosis center: posterior corrective spondylodesis with pedicle
screw double rod system (titanium and chrome-cobalt rods). Based
on pre- and postoperative radiographs, determination of coronal
and sagittal Cobb angles: thoracic major (MC), proximal-thoracic
(PC) and lumbar curve (LC), thoracic kyphosis (TK), lumbar
lordosis (LL). Statistical analysis: values as mean±SD, differences
by student's t test (significance level Pearson's correlation.
Separation based on sagittal modifier according to Lenke and
surgical time point 2010- and 2016-21.
Results: A total of 307 AIS (type1 212 AIS, type2 AIS) data
were collected. Age at OP years. Correction of MC
74±12%, PC 49±17% (type1 46±17%, type2:
LC In all AIS, TK (postop-preop) decreased significantly
by -2.2±10.7° on average, LL by 6.6±11.4° (both Type1
with -0.7±9.9° on average significantly lower than type2 -

(p<0.01). No significant difference in LL
Analysis based on sagittal modifiers showed an increase in
kyphosis of 9.2±6.1° in hypokyphosis and decrease in
normokyphosis (n=217) of - in hyperkyphosis of -

both with statistical significance Correlation
analysis yielded a moderate-strong positive correlation for the
correction of the LK and the difference TK (postop-preop) with
r=0.6 (cf. figure 1). In the last years (2016-21), rekyphosis was
significantly better with an average of -0.1±11.0° than before
(2010- with -3.7±10.4° LL correction was not
significantly different (p=0.3).
Discussion: The results show that postoperative rekyphosis is
depending on preoperative thoracic kyphosis performing 
particularly well in the hypokyphotic AIS patients. In this context,
increasing correction of the lumbar curve is matched by increasing
rekyphosis. Overall, rekyphosis is a challenging problem in
scoliosis surgery, even though correction values tend to improve.
This could be related, among other factors, to increasing rod
thickness and the use of chrome-cobalt rods.

Figure 1 Correlation diagram
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Prevention of postoperative wound-infection after surgery in
neuromuscular scoliosis (NMS) by use of epicutaneous
vacuum-dressing
*T. M. Fischer1, F. Galla1, U. Liljenqvist1

1St. Franziskus-Hospital Münster, Klinik für Wirbelsäulenchirurgie
und Skoliosezentrum, Münster, Germany

Study design: retrospective-comparative
Objective: Identification of determining factors on postoperative
wound infection and validating preventive measures as clinical
guidelines in the surgical treatment of neuromuscular scoliosis
(NMS).
Methods: Data was collected from patients with instrumented 
correction and fusion in NMS between 2016 and 2020 at our
institution. Minimum follow-up was 6 months. From Oct. on
postoperatively, an epicutaneous vacuum-dressing (EV) was
applied for days. Rates of postop infection and the causing type
of specimen was analyzed in all pts. with NMS treated surgically
24 months before and after implementation of this dressing 
technique.
Results: patients (m : f 39 : 44) met the inclusion criteria.
Group 1 (without EV) included patients, Group 2 (with EV)
Average age at surgery was 16,6 ± 4,94 years. 60 patients were
incontinent, were non ambulatory. GMFCS-Score was
1,2. Average preop Cobb-angle of the main curve measured ±

pelvic obliquity ± Length of fusion averaged 
14,09 ± vertebrae , average OR time ± 49 min. In 12
patients the ilium was included in the fusion. OR-time in group two
was shorter (229,92 vs. 216,93 min, p=0,1) with no difference in
fusion range (14,63 vs. vertebrae, Patients with a
postop. woundinfection had slightly more vertebrae included 

WK, p=0,1) and a longer duration of surgery (246,2 min,
p=0,19). There were 7 infections in group 1 %), 4 caused by
fecal specimens, 3 by specimen found on the skin. Group 2 had 0 
infections Patients with infection underwent 3 ± 1,2
revision, 2 patients had cardiopulmonary resuscitation. The
postoperative stay on ICU rise from ± h to ±

h the hospitalization from 14,31 ± d to 34,3 ±
21,6 d in the infection group. Antibiotics were applied

± d (16,3 ± d i.v., ± 24,4 d p.o.) Patients
without infection only got the preoperative single-shot antibiotic,
which was repeated after 2 hours. GMFCS-Score among patients
with infection was not significantly higher than among patient
without infection (4,66 vs. 4,37, p=0,31). In the infection group 6 
of 7 patients were incontinent and non ambulatory, 3 patients had
the ilium included in the instrumentation.
Conclusion: The application of an epicutaneous vacuum-dressing 
for days post-surgery significantly reduces rates of infections and
its complications among patients with NMS.
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How well agree worldwide scoliosis surgeons in their surgical
treatment?
*B. Schlager1, M. Großkinsky1, M. Ruf2, F. Galbusera1,3, H. J.
Wilke1

1Universitätsklinikum Ulm, Institut für Unfallchirurgische
Forschung und Biomechanik, Ulm, Germany
2SRH Klinikum Karlsbad-Langensteinbach GmbH, Karlsbad,
Germany
3IRCCS Istituto Ortopedico Galeazzi, Mailand, Germany

Introduction: Surgical treatment of adolescent idiopathic scoliosis
(AIS) is very complex and modern instrumentation techniques
offer multiple possibilities. Despite numerous publications, there is
no clear consensus on the optimal strategy for the correction of this
spinal deformity.
The goal of this study was to document and analyse the current
surgical strategies performed worldwide to treat patients with AIS.
Method: Thirty-two experienced scoliosis surgeons from fifteen 
countries were asked to plan surgeries on twelve representative
AIS cases. The surgical planning was documented using a
questionnaire. The surgeons were provided with the patients age

and gender, with radiographs in the lateral and sagittal plane during 
upright standing and in lateral bending to the left and right, as well
as with clinical images. The angles of the main spinal curvatures
were specified in the questionnaire. The surgeons were asked to
specify their preferred classifications system, their surgical
approach, the planned fusion length, the type of implants, rod type
and the resection steps.
The data was analysed with respect to the inter-rater variability
which was quantified using the Fleiss-Kappa Method.
Results: The dorsal approach was selected in 91% of all cases.
Most ventral approaches were selected for Lenke and 6 curve
type with an incidence of up to 23%. The upper instrumented 
vertebra (UIV) varied most for Lenke and 6 cases, with a
vertebral level discrepancy of in average six levels. The lowest
instrumented vertebra varied most for Lenke 2 and 4 with an
average of five levels. Polyaxial screws were chosen most
followed by monoaxial (19%) and uniplanar screws, as well
as hooks The most planed resections step was the complete
facetecomy (67%).
Conclusions: The results indicate that there is still a great
discrepancy in the surgical treatment of AIS in between surgeons.
The selected LIV and UIV can vary dependent on the curve-type
and surgeon. Furthermore, hook constructs seem not to be to date
not widely applied. The survey demonstrates where open questions
in the treatment and in the understanding of scoliosis biomechanics
exist.

Fig. 1

P 86
Long-term results of minimally invasive ventral
derotationspondylodesis with special attention to early onset
scoliosis
*S. Krebs1, M. Brielmaier2, T. Pfandlsteiner2, C. Schätz2,
B. Kunze2

1Orthopädische Klinik Markgröningen, Neuroorthopädie,
Markgröningen, Germany
2Orthopädische Klinik Markgröningen, Neuroorthopädie,
Markgröningen, Germany

Introduction: Some years ago the thoracic anterior approach to the
spine has been avoided because of high risc of complications and
morbidity due to the approach by most of the deformity surgeons.
But since discussion of "thethering" appeared paradigm changed.
But currently there are no long term results according "thethering",
especially not in context with early onset scoliosis (EOS).
Method: Retrospective analysis of peri-and postoperative
complications, functional outcome and approach morbidity of our 
meanwhile 130 ventral Derotationspondylodesis (VDS). Analyzed
parameters were surgery time, blood loss and also cosmetic aspects
including length of scin incision and reduction of rib hump. Special
focus was set on long term results in EOS cases.
Results: 130 VDS from till 2019 female, mean age
16.3y). 29 patients with combined anterior and posterior surgery
either in the same hospital stay, or like e.g. in early onset scoliosis
with time lag of some years. In 101 cases with only anterior 
surgery, 2/3 have been Lenke -curves. In the thoracic curves
majority were Lenke 1A or 1B and few cases Lenke type 2 curves.
The mean length of fusion were segments. The Cobb angle
reduced from (40- to 11° (0- the sagittal alignement
was improved in all cases. Mean blood loss during surgery was
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372ml without any need for blood transfusions. Mean time of
surgery was 214 min. and length of skin incision was very short
with In follow up no approach morbidity like
postthoracotomy syndrome or pulmonary dysfunction was
detected. The mean follow up was 4.6y (3 months to 12 years).
There was one case of rod breakage in the beginning due to a
single-rod construct used in a thoracolumbar curve. The patient had
no complaints, therefore no revision surgery was necessary. In
another case additional posterior instrumentation was necessary
due to complaints of micro-instability. Nine out of 130 patients had 
an EOS. Eight of these nine patients had a follow up > one year.
None of the children had a complication like loss of correction,
crankshaft phenomenon, trunk shortening or pulmonary
dysfunction.
Discussion: The VDS is approved for many years, and very safe
surgical method for treatment of Lenke type an 1A curves (or 
6C in combination with a posterior instrumentation). If performed 
correctly, over all morbidity is very low. Patients profit of the
minimally invasive approach as well of very low blood loss during
surgery and a short hospital stay. In long term follow up no
significant restrictions were seen concerning daily life and sport
activities. Compared with other surgical deformity treatments, it is
possible to correct an additional rib hump or lumbar bulge by
performing VDS via derotation. Depending on the curve type and
the correct time of surgery, this surgical technique can be
performed on EOS. If indication is correct for VDS by EOS we
don´t have the typical complications seen after early posterior 
intervention.
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The impact of the COVID-19 pandemic on volume of spine
surgery in Germany – a DWG-registry analysis
*A. Afifi1, R. Abdelrahman1, M. Abujarad2, K. W. DWG3,
J. Siewe3,4, *R. Sobottke1,3

1Rhein Maas Klinikum, Klinik für Wirbelsäulenchirurgie,
Neurochirurgie und spezielle Orthopädie, Würselen, Germany
2Hochschule Anhalt ,Anhalt University of Applied Sciences,
Bernburg a. d. S., Germany
3Kommission Wirbelsäulenregister, DWG, Würselen, Germany
4Klinikum Leverkusen, Wirbelsäulenchirurgie/ Neurochirurgie,
Leverkusen, Germany

Background: The COVID-19 pandemic largely affected medical
care in Germany. The impact of the pandemic on the execution and
numbers of surgical interventions for spinal pathologies, however,
has not been investigated in a multicentre setting yet. We
hypothesized that the COVID-19 pandemic in Germany is
associated with a reduction of executed surgical spinal
interventions for specific pathologies.
Methods: The German Spine Registry (DWG Register) was
utilized. Surgical cases added to the registry between 01.01.2019
and 31.12.2020 were selected. Two groups were composed.
Patients enrolled prior to the start of the COVID-19 pandemic
(before 01.01.2020) were included in group ´REGular´. Patients
admitted between 01.01.2020 and 31.12.2020 were selected for
group ´COVid´. We retrospectively compared patient
characteristics and indications as well as number of interventions
for different spinal pathologies.
Results: cases were included. Annual interventions per
institution was lower in the COVid-group as compared with the
REG-group (respectively 347 vs. surgeries/institution). A
mean (std) age of 64 (17) years and a median ASA-score of 3 were
found. Patient characteristics did not differ between groups.
However, the distribution of spine surgeries throughout the year
did differ significantly between groups. More specifically, in the
COVid-group, the percentage of executed surgeries was reduced in
March/April
during the pandemic (REG: 17.1% vs. COV: 13.7%), whereas
relatively more surgeries have been performed in June/July of the
pandemic (REG: 16.1% vs. COV: as compared with the
reference year (Figure and table 1). As displayed in figure 2, a
specific reduction of surgeries executed for degenerative disease
(from 76% (REG) to 71% (COV) was seen in the period
March/April of the pandemic.

Conclusion: This study demonstrates that the COVID-19
pandemic is associated with less executed spinal surgeries and 
altered distribution of surgical interventions throughout the year as
compared with a reference period. During the first lock-down (in
March/April) the number of interventions dropped markedly, and
this is linked with a concurrent relative drop of executed surgeries
for degenerative disease. A compensatory boost of performed
surgeries was seen after the first lock down (in June/July).
Thereby, it was revealed that the COVID-19 pandemic largely
affected surgical spine care in Germany. In order to optimize
guidelines for potential future pandemics we suggest to perform in-
depth evaluation of surgical spine care for specific spinal
pathologies during the previous pandemic.

Fig. 1

Fig. 2g
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Outcome of surgical spine care during the COVID-19 
pandemic – a nationwide DWG-registry study
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Background: The first wave of the COVID-19 pandemic had a
significant impact on the medical care of spinal pathologies in
Germany. As several spinal pathologies are dependent on critical
interventions it was hypothesized that the pandemic is associated
with impaired outcome of spine care in Germany.
Methods: Surgical cases between 01.01.2019 and 31.12.2020 were
selected form the national German Spine Registry (DWG
Register). Two patient groups were compared. Those individuals
treated before the COVID-19 pandemic in Germany were included 
in group ´REGular´, whereas patients admitted between 01.01.2020
and 31.12.2020 were selected for group ´PANDemic´. We
retrospectively compared patient characteristics, treatment and
outcome between groups
Results: A total of cases have been included. Less intra-
operative pulmonary complications were seen in the PANDemic
group than in patient treated under regular conditions (respectively
1.9% vs 2.2%). However, post-operative pulmonary complication
rates were higher during the PANDemic than during the
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reference period (REG-group; 4.6%,P=0.1). The percentage of 
patients that received prolonged intensive care treatment (defined 
as > was lower during the PANDemic (7.4%) than during
REGular conditions Prolonged overall hospital stay
occurred more frequently in the PANDemic-group than in the
REG-group (respectively 12.3 vs. 11.7%,P=0.04). Distribution
pattern of overall hospitalization time did not differ between
groups (Figure 1).
Conclusion: The current study reveals that spine surgery in
Germany was largely affected by the COVID-19 pandemic. More
specifically, the pandemic was associated with lower intra-
operative pulmonary complication rates and less patients with
documented prolonged ICU-stay. This is most likely due to altered
patient selection and ICU-triage protocols during the pandemic.
However, the pandemic was further associated with higher post-
operative pulmonary complication rates, and prolonged overall
length of hospital stay. These findings are most likely due to
organisational difficulties during the pandemic. To improve quality
of care during potential future pandemics, novel protocols are
highly needed. Therefore, upcoming studies should analyse
organisational factors of spine care (such as patient selection and
allocation as well as transfers between stations and hospitals)
during the past pandemic.

Fig. 1
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Differential target multiplexed stimulation in patients with
chronic "virgin" low back pain: a single-center experience
*M. E. Gündüz1, G. Matis1, V. Visser-Vandewalle1

1Uniklinik Köln, Sterotaxie und funktionelle Neurochirurgie, Köln,
Germany

Introduction: Chronic low back pain is a widespread disease for
which there are many treatment options. The implantation of a
Spinal Cord Stimulation (SCS)-system in patients with refractory
back pain, especially in post-discectomy syndrome, is widely used.
SCS is not a mainstay therapy in the so-called "virgin-back"
patients who had no prior surgery while having refractory low back
pain. With the new combined neural and glial cell stimulation
(differential target multiplexed stimulation, DTM) these cells are
stimulated simultaneously. There are more glia cells in the spinal
cord than neurons by a ratio of 12: 1. Chronic pain can occur when
neuronal-glial interactions are disrupted (1). The aim of this study
is to present our clinical experience with this new algorithm in
"virgin-back" patients.
Material and Methods: Three patients (male:female 1:2) with
chronic refractory back pain and no prior operation with a mean
time of pain of years (sd ± 4.7) were treated with SCS systems
with two eight-contact electrodes between September 27, 2020 and 
March 27, 2021 in our Department. Afterwards the DTM
waveform was evaluated.
The pain intensity was documented using the numerical rating
scale (NRS; 0: no pain, 10: extremely severe pain) preoperatively
and in the trial phase as well as in a 3-month follow-up.
Results: The preoperative mean NRS was (7-9), during the
trial it was 2.1 (0-3). The trial was successfully completed for all
patients. In the 3-month follow-up, the mean NRS was 2.6/10 (1-

which corresponds to an average reduction in pain intensity of 
There were no complications during this time.

Conclusion: There are less publications of experiences with SCS
therapy for "virgin-back" patients. In a multicenter study by Al-
Kaisi et al. patients with refractory low back pain and no prior 

operation were treated with a SCS-system and high frequency
stimulation. They showed a pain relief in a 12-month follow-up of
70% (2). Our patient collective confirms the positive effect of SCS
with the DTM algorithm in a 3-month follow-up. Further 
observations and studies with larger patient groups are required.
References: (1) Milligan ED, Watkins LR. Pathological and
protective roles of glia in chronic pain. Nat Rev Neurosci. 2009
Jan;10(1):23-36.
(2) Al-Kaisy A, Van Buyten JP, Kapural L, Amirdelfan K, Gliner
B, Caraway D, Subbaroyan J, Edgar D, Rotte A. 10 kHz spinal
cord stimulation for the treatment of non-surgical refractory back
pain: subanalysis of pooled data from two prospective studies.
Anaesthesia. 2020 - doi: 10.1111/ana
PMID: PMCID:
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A change in a rehabilitation model increases work capacity at
36 months in low back pain
*I. Norberg1, M. Norberg1,2

1Lavey Médical SA, Froideville, Switzerland
2Institut Beauregard, Froideville, Switzerland

Introduction: The most expensive patients in chronic low back
pain are them with long-standing sick-leave of more than 6 months.
Several studies have showed the importance of rehabilitation 
struggling with kinesiophobia (fear of movement). Including this
approach in a multidisciplinary rehabilitation program have been
proposed.
Purpose/Aim: The aim of this study was to analyze the impact of a
change in a rehabilitation program for chronic lumbar pain by
introducing a progressive exposure procedure to decrease
apprehension associated with low back pain. We studied its impact
on work capacity after 3 years, compared to our classic program
associated with the subjective work capacity (Pac).
Materials and Methods: We have compared the results of 1004 of
our patients that have accomplished a multi-disciplinary program
and that have been followed over 36 months. They were divided in
two groups: one before the implantation of the PHODA (PHOto of
Daily Activity: photos showing daily activites) associated with
occupational training and work exposure. Then a second one
including 200 patients that followed the new program following a
progressive exposure procedure according to the results given by
the Phoda. The program contained physical training, occupational
tasks developed on the basis of the apprehension following a
cogntivo-comportemental approach.
We have analyzed the evolution of apprehension according to
different questionnaires (FABQ, Tampa scale of Kinésiophobia
(TSK) and PACT (evaluating the subjective work capacity)), the
Phoda results and the official work capacity at beginning of the
program and after 36 months.
Results: We saw a clear increase in the global work capacity at 12
months after completing the program: passing from 40 to (p 
< 0.01) in the old program comparing to the new one with an
increase of (p< 0.01). These results were confirmed at 36
months, with results at the same level. In parallel there was an
increase in the subjective sensation of physical capacity (Pact), but
less in the new program. This increase was correlated with a
decrease in fear-avoidance according to the Fabq, and in the TSK
Conclusion: In chronic low back, a multidisciplinary rehabilitation
program, gives a global work capacity of This capacity could
be increased on focalising on patient"s apprehensions with gradual
exposure according the fear-avoidance model developed by
Waddell and explored by Vlayen. The correlation were confirmed
on the psychological part, with less apprehension and less anxiety.
Finally the SF 36 showed an increase in body confidence as an
important factor in these functional restoration programs.
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Effects of digitally controlled sensorimotor training on patients 
with low back pain. 
*M. Woiczinski1, F. Schnaith1, J. Peuckert1, M. Kistler1, T. Pohl2, 
E. Kraft1 
1LMU München, Klinik und Poliklinik für Orthopädie, 
Physikalische Medizin und Rehabilitation, München, Germany 
2TU München, München, Germany 

Sensory-motor training has become an important part in 
therapeutic treatment of low back pain patients. Because there are 
no evidence-based guidelines regarding the design of training 
progression, digitally guided biofeedback-systems could help to 
gather information during the training. With this information the 
system could evaluate the progression and adapt the trainings 
routine for each patient individually.The goal of this bachelor-
thesis was the initiation of a biofeedback-system (Hunova, 
movendo technology, Genua, IT) guided proprioceptive training. 
The question if patients undergoing the additional training can 
reduce their back pain, improve their performance and 
psychological well-being should be answered.  
Chronic low back pain patients who are undergoing an outpatient 
rehabilitation were separated into an intervention (n=19) and 
control (n=14) group. The intervention group got an additional 
proprioceptive training program to the normal outpatient treatment 
for four weeks. In this training routine they were doing a 
progressive digitally guided sensory-motor training with the 
physiotherapeutic device hunova (movendo technology, IT) for ten 
minutes two times a week. TIn the beginning and after the 
intervention the patients were asked for the restraint of their quality 
of life with Oswestry Disability Index (ODI) and for their general 
health with the SF-36 Survey. Additionally, a pain measurement 
scale that asks for the pain at the time of the measurements and 
during the last four weeks had to be answered by the patients. 
Moreover, there wass a static bilateral balance test with open and 
closed eyes, a time-to-stabilise test, a counter movement jump and 
a chair rise test measured with a force measuring plate (Leonardo 
Mechanograph GRFP STD, Novotec Medical GmbH, DE). For the 
statistical analysis of the force measurements an ANOVA was 
done using the program R.  
The control group showed better results regarding their restraint of 
their quality of life (ODI) after the rehabilitation. The intervention 
group showed an improvement in their perception of their general 
health (aG), role limitations due to physical health (pbR) and their 
emotional well-being (mG). There were no differences in the pain 
scale, the balance measurements, or the functional movement tests. 
The results only show a tendency that there is an improvement in 
the overall well-being of the patients and that the conventional 
method and the additional training can reduce back pain. None of 
the measurement give a hint that there is a physical improvement 
or that the proprioceptive training has an advantage.  
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Importance of diagnostic infiltrations in treatment decisions 
for degenerative diseases of the lumbar spine 
*K. Kroboth1, C. E. Heyde1, A. Völker1 
1Universitätsklinikum Leipzig, Leipzig, Germany 

Introduction: Inpatient diagnostic infiltrations of various 
pathologies of the lumbar spine can help to identify the cause of 
pain in discrepancy between symptoms and objective results. The 
aim is to evaluate the impact of diagnostic infiltrations on therapy 
decision. 
Material and methods: Retrospective monocentric evaluation of 
all patients who were inpatients for diagnostic infiltrations in  
Patients were divided into four groups according to the main 
imaging entity (disc herniation (NPP), spinal stenosis (SKS), 
spondylolisthesis vera (Spv), or mixed pathologies (Mix)). Each 
infiltration plan was evaluated for pain relief effects (facet joint 
(FG), sacroiliac joint (ISG), epidural-dorsal (ep-dors) infiltrations, 
periradicular infiltration (PRT), hip joint (HG) infiltrations, lumbar 
spinal nerve anesthesia (LSPA), implant infiltration). The 
following therapeutic procedure was analyzed. A retrospective 

survey of a subgroup was performed using the Numeric Rating 
Scale (NRS) and the Oswestry Disability Index (ODI). 
Results: A total of 176 patients were included. The length of 
hospital stay was 4.6±2.3 days. In 39.2% of the patients (n=69) 
were previous surgery performed. Prehospital symptoms were back 
and leg pain in 94.3% of patients (n=166) and back pain alone in 

 (n=10). Sacroiliac joint (ISG) tenderness was present in 
.4% (n=101) and spinal claudication in  (n=62) of the 

patientes. In the overall collective, the following infiltrations were 
performed: PRT  epi-dor  FG 67%, ISG 66%, HG  
LSPA 3%, implants 6%. 
The NPP group (n=16) particularly benefited from PRT  In 
the SKS (n=14) and Spv groups, no specific infiltration resulted in 
pain reduction. 
In the mixed group (n= 142), women had significantly more ISG 
tenderness  and significant pain reduction after ISG 
infiltrations (p=0.027). The mixed group complaints were reduced 
in absolute numbers of pain reduction per patient by PRT (72%), 
infiltration of the ISG (69%), FG (61%), ep-dors infiltration  
and HG infiltration (67%). 
Overall,  of patients were given a nonsurgical and 19.9% a 
relative lumbar spine surgery recommendation and 4.6% a hip 
replacement recommendation. In summary, a total of  (n=36) 
of all study participants underwent lumbar spine surgery (NPP n=4, 
SKS n=3, mixed n=29). 
Retrospectively determined ODI improved significantly from 

 to  in 44 patients  NRS scores were also 
significantly reduced (MW pre-hospital  to MW post-
hospital  p=0.0001). 
Discussion: Diagnostic infiltrations are particularly important for 
treatment decisions in patients with mixed pathologies in the 
lumbar spine. By reducing pain and improving limitations in daily 
living, diagnostic infiltration leads to a high rate of conservative 
treatment decisions as well as a surgical treatment recommendation 
in one fifth of patients.  
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Association of IL 1-  (rs 1143627 T/C) Gene Polymorphism 
with Lumbar Disc Degeneration in Turkish Population: A 
Case-Control Study 
*D. Unsal1, F. 2, A. H. Kaya3, S. Gulec 4, C. K. 

, T. Isbir4 
1Istinye University, Vocational School of Health Sciences, 
Department of Physiotherapy, Istanbul, Turkey 
2Yeditepe University, Faculty of Health Science, Department of 
Physiotherapy and Rehabilitation, Istanbul, Turkey 
3Yeditepe University Hospital, Department of Neurosurgery, 
Istanbul, Turkey 
4Yeditepe University, School of Medicine, Department of 
Molecular Medicine, Istanbul, Turkey 
University of Health Sciences Istanbul Ümraniye Training and 

Research Hospital, Department of Neurosurgery, Istanbul, Turkey 

Purpose: In this study, we explored the pain intensity, functional 
status, spinal flexibility, radiographic features of lumbar disc 
degeneration in the Turkish population and studied the association 
between polymorphism in interleukin 1  gene in lumbar disc 
degeneration. 
Overview of Literature: Lumbar disc degeneration (LDD), a 
complex process characterized by phenotypic and genotypic 
changes, causes low back pain and disability. Polymorphisms in 
various structural and inflammatory genes have been related to the 
development of disc degeneration. 
Methods: The study was conducted at a Department of 
Neurosurgery between April and November 2019.  LDD patients 
and 44 healthy controls were included in this study. The real-time 
polymerase chain reaction (RT-PCR) method was used for the 
genotype of the IL 1- gene polymorphism. Pain levels were 
assessed with Visual Analog Scale (VAS), functional status was 
evaluated with Oswestry Disability Index (ODI). Spinal flexibility 
was evaluated using Modified Schober method and digital 
inclinometer. Disc generation was graded according to the 
Pfirrmann scale, while disc displacements were classified 
according to Mac Nab's disc classification. 
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Results: There was no statistically significant difference between 
the case and control groups in terms of genotyping analysis 
(p=0.734). In addition to VAS, ODI, spinal flexibility tests, 
MacNab's classification had no relationship to genotypes  
Patients with the IL 1- gene-TT genotype had a significantly 
increased risk of LDD (OR:   -  P=0,024). 
Additionally, the T allele was related to higher degenerative disc 
score  
Conclusions: The data show that having the T allele increases the 
risk of disc degeneration in the Turkish population. Genotype 
analysis could be used to identify high-risk individuals, prevent 
disc degeneration and develop more targeted therapy. Larger 
prospective studies for the Turkish population are needed in 
addition to functional studies to verify these findings. 
 
Fig. 1 

 

Fig. 2 
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Does the Cervical Sagittal Alignment Relate to Neck Disability 
Before Surgery? 
*F. Vazifehdan1, V. Karantzoulis1, V. Vasilis Igoumenou1 
1Diakonie Klinikum, Wirbelsäulenzentrum, Stuttgart, Germany 

Introduction: The current hypothesis of our study is that cervical 
alignment is expected to influence Neck Disability Index (NDI) 
scores in patients with cervical spine conditions, similar to the 
influence of spinopelvic alignment to thoracolumbar and 
lumbosacral pathologies. Therefore, we attempted to identify 
differences in cervical alignment parameters and NDI scores 
among patients indicated for surgery and those indicated for non-
operative treatment, and to further investigate the impact if any of 
cervical alignment on neck disability. 
Material & Methods: Patients admitted in the outpatient 
department of our institution between June 2016 and June  
were prospectively studied. In all patients, NDI scores were 
recorded at the time of admission, and all standard radiographic 
parameters of cervical alignment were measured. Patients were 
grouped depending on: a) whether presenting or not indications for 
surgery; b) disability levels, based on NDI scores [no disability (0-

 mild to moderate (10-  and severe to complete  
and c) gender. The Wilcoxon signed rank sum test was used for 
non-normal distributions and the independent samples t-test for 
normal distributions, accordingly. Pearson correlation coefficients 
were calculated between pairs of alignment parameters and NDI 
scores. The level of significance was set to  
Results: In total,  patients [106 men and 146 women; mean age 

 (range, 27-91) years] were included in our study. 
Surgery was indicated in  cases (myelopathy, radiculopathy, 
stenosis, instability), while in 166 patients non-surgical treatment 
was indicated. The statistical analysis revealed that patients 
indicated for surgery presented only greater C0-2 lordosis 
(23.2º±9º vs 19.4º±7.9º, p=0.017), while neither NDI scores nor 
SVA differed significantly. Based on disability levels, patients 
reporting severe or complete disability presented greater C0-2 and 
total cervical lordosis (tCL). When patients were grouped by 
gender, men were found to be significantly younger  vs 

 p=0.02) reporting at the same time lower NDI scores 
(32±17.4% vs  p=0.023). Correlation analysis revealed 
that NDI scores in surgical candidates were not related to any of 
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the radiographical measurements. On the other hand, in patients
indicated for a non-surgical treatment NDI was negatively related
to age (r = - p = 0.002) and positively to C0-2 (r = p =
0.016). Using multivariate regression analysis, a prediction of NDI
could be made for patients indicated for non-surgical treatment;
NDI = – x (Age)] x (C0-2)].
Discussion: Only C0-2 angle seems to play a significant role in
clinical practice as it was found significantly greater in patients
indicated for surgery and in those reporting severe to complete
disability. In patients indicated for non-surgical treatment age and
C0-2 could independently predict NDI scores.

P 95
Lordotic cages improve lumbar lordosis and spinopelvine
mismatch
*H. Meinig1, T. Pitzen1, B. Wiedenhöfer1

1SRH Karlsbad, Wirbelsäulenchirurgie, Karlsbad, Germany

Question: he adjustment of the lumbar lordosis is a relevant
problem in the surgical treatment of degenerative diseases of the
lumbar spine. The clinical benefit of compensating for a
preoperative sagittal imbalance is well known. Various measures
(simple ones such as positioning, but also complex ones such as
subtraction osteotomies) are used for this purpose. New industrial
developments, such as lordotically shaped cages promise better
correction options, but whether this actually applies must be
checked.
The aim of our study was therefore to check whether 

1. a lordotically prefabricated cage (Artic L®, Medtronic)
can achive a better lordosis correction compared to a
cage previously used.

2. it is possible to compensate for a spinopelvic mismatch
that has existed preoperatively.

Material/Methodology: Prospective application study on 49
patients (61 segments) who were diagnosed from 11/19 to 6/21 as
part of a PLIF / TLIF operation with an Artic-L cage, Medtronic
(40 x 20 °, 16 x 10 °, x °) in the lumbar region (22 x / S1, 29 
x L4 / 6 x L3 / 4, 3 x L2 / 3) were treated (test group, VG). A
collective of 16 patients (20 segments) served as a retrospective
control group (KG) who had been treated with 2 Harms cages each
during a PLIF / TLIF operation from 7/19 to 10/19. In both groups,
we used the SagittalMeter Lite® mobile phone app to analyze the
sagittal profile in the operated segment (segmental profile) and the
global lumbar profile L1-S1 as well as the pelvic incidence (PI) 
preoperatively and postoperatively and determined the spinopelvic
mismatch pre- and postoperatively in the experimental group.
Statistics with SPSS, significance for p 
Results: The preoperative segmental profile for the test group was

°, for the control group it was °, p = 0.296.
Postoperatively it was ° for the VG and 11.9 ° for the KG. p
= 0.001.
The global lumbar profile preoperatively was 41.1 ° in the VG,
43.2 ° in the control group, p = 0.492. Postoperatively it was 43.2 °
for the VG and ° for the KG, p = (Fig.1). The
spinopelvic mismatch in the VG was 0.21 ° pre-op, 7.71 ° post-op,
p = 0.024.
Discussion: The aim of the study was to investigate the effect of a
lordotically shaped cage on the lordosis of the lumbar spine on any
spinopelvic mismatch. The control and test group were definitely
comparable, as there was no significant difference preoperatively.
The lordosis cages used resulted in a significantly improved 
lordosis compared to the control group and a preoperative
spinopelvic mismatch was significantly improved. We conclude
that lordotic cages within the entire spectrum for correcting the
sagittal profile are also a good tool via TLIF to improve the sagittal
profile.

Fig. 1
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Frailty predicts adverse events in patients undergoing primary
elective surgery for degenerative cervical spine disease
*S. Brandecker1, M. Schneider1, M. Banat1, C. Bode2, V. Borger1,
L. Eichhorn2, E. Güresir1, A. Hadjiathanasiou1, M. Hamed1, F.
Lehmann2, H. Vatter1, P. Schuss1, J. E. Scorzin1

1Universitätsklinikum Bonn, Klinik und Poliklinik für 
Neurochirurgie, Bonn, Germany
2Universitätsklinikum Bonn, Klinik und Poliklinik für Anästhesie
und Operative Intensivmedizin, Bonn, Germany

Objective: Preoperative risk/benefit assessment is essential,
especially in non-complex primary elective surgery for
degenerative cervical spine disease (DCSD). We therefore sought
to determine the impact of frailty and preexisting comorbid disease
burden on postoperative adverse events in this patient population.
Methods: Between 2013 and 2019 patients with DCSD who
underwent elective surgery at our institution were included for
further analysis. Information including patient characteristics,
frailty and CCI were prospectively collected in a computerized 
database. Patients frailty was analyzed using the modified frailty
index (mFI) and the Charlson comorbidity index (CCI) was used to
assess the patients comorbidity burden. Postoperative
complications were defined as adverse events (AE) that occurred 
within 30 days of surgery and were evaluated according to the
Clavien-Dindo grading system (CDG).
Results: In total, 400 patients with DCSD and elective surgery
were identified. Among patients categorized as "least-frail", 4%
suffered a postoperative AE, whereas of "frailest" patients.
Patients with age-adjusted CCI > 4 were significantly more likely
to suffer postoperative complications (p<0.0001, OR
7.4-29.6). Multivariate analysis identified "age-adjusted CCI"
(p=0.0001), "surgical invasiveness index (p=0.03) and "frailest
patient (p<0.0001) as significant and independent
predictors for the incidence of postoperative AE.
Conclusions: Our present study concludes that both increased
frailty and comorbidity burden are significantly associated with
higher rates of adverse events. The mFI may identify patients at
higher risk for morbidity and mortality after elective surgery for 
degenerative cervical spine disease and it should become an
essential component of risk stratification in this aging patient
population.

P 97
What would you do first? A survey of treatment priorities for
patients with concomitant spinal diseases and hip arthritis
among spine and hip surgeons
*C. Breuning1, J. Goronzy1, K. P. Günther1, F. Beyer1, A. C.
Disch1, N. Liu2, P. F. Lachiewicz3, S. B. Goodman2, K. B. Wood2,
S. Zwingenberger1

1UniversitätsCentrum für Orthopädie, Unfall- und Plastische
Chirurgie, Dresden, Germany
2Stanford University School of Medicine, Department of 
Orthopaedic Surgery, Redwood City, United States
3Duke University School of Medicine, Department of Orthopaedic
Surgery, Durham, United States

Introduction: Patients with spinopelvic pain often suffer from
coexistent degenerative disorders of the lumbar spine and
osteoarthritis of the hip. The treatment not only focuses on the
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disease, but also on the medical specialty of the attending 
physician. There was an interview between hip surgeons and spine 
surgeons asking their preferred order of surgery for fictional 
patients to evaluate the trends of treatment. The results were 
compared with a previous study conducted in the USA.1 
Material/Methods: The online survey was made from five 
fictional clinical scenarios. Each scenario provided detailed clinical 
history, current symptoms, further diagnosis, plain radiographs, 
and MR imaging of the spine. The question aims at the surgeons" 
choice of order of treatment, whether spine surgery or hip surgery 
first or rather no preference between the two therapies. This survey 
was sent to  members of the DWG (spinal neurosurgeons and 
spinal orthopaedic surgeons) and  members of the 
"Arbeitsgemeinschaft für Endoprothetik" (hip surgeons). The 
choices of the surgeons were compared among scenarios, between 
surgical specialties and years of experience using the chi-squared 
test. As part of a descriptive exploratory analysis, the results of the 
significance tests were summarized to p-values, p-values   
were considered statistically significant. 
Results:  surgeons participated in the survey, within 62 hip 
surgeons  39 neurosurgeons (24.1%) and  orthopaedic 
surgeons  Fig. 1 shows the surgeons" preferences for the 
order of treatment in each scenario. Fig. 2 describes the preferences 
among the years of experience 0-10, 11-20, and over 30 years. The 
mean value of years of experience is  years (min. 2 years, max. 
36 years). 
Discussion: In many scenarios, the preferred treatment remains 
controversial, even across the specialties. However, with coexistent 
neurological symptoms such as neurological claudication, muscular 
weakness, and myelopathy the majority would treat the spinal 
disorder first. If a patient suffers from radicular pain or back pain 
the surgeons tend to treat the osteoarthritis of the hip first. The 
international comparison shows that American colleagues would 
treat the hip more often in cases of neurological claudication with 
hip arthritis, in contrast to German colleagues. The same treatment 
priorities were shown in the case of cervical myelopathy combined 
with osteoarthritis of the hip. Both countries preferred the spine 
surgery. Our study represents that the treatment prioritization 
between coxarthrosis and degenerative spinal disorders is very 
complex. To weigh the treatment priority reasonably up the 
detailed examination of hip joints and spine and the 
interdisciplinary knowledge of both pathologies is needed. 
References:  
1Liu N, et al., Bone Joint J. 2019 Jun;101-B:37-44  
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Bilateral Facetectomy is Beneficial Only for Selected Patients 
in Monosegmental MIS TLIF Surgery 
*S. Telentschak1, E. Früchtl1, M. Perrech1, N. von Spreckelsen1, 
M. Lenschow1, J. Pieczewski1, D. M. Czybulka1, R. Goldbrunner1, 
V. Neuschmelting1 
1Uniklinik Köln, Universität zu Köln, Zentrum für Neurochirurgie, 
Köln, Germany 

Introduction: There is a strong expert belief that MIS TLIF with 
Bilateral Facetectomy (BF) is superior to Unilateral Facetectomy 
(UF) in restoring sagittal alignment with little additional effort. But 
the evidence is scarce. Based on a retrospective clinical and 
radiographic study, we opted to analyze whether the additional 
contralateral facetectomy is useful in MIS TLIF surgery.  
Material/Methods: We reviewed the clinical records of 104 patients 
with lumbar degenerative disease who underwent single level dorsal 
percutaneous navigated instrumentation and MIS TLIF with either a 
UF  or a BF (n=23) between 2017-2021 at our center, 
including 13 BF patients and 27 UF patients that received suitable 
pre- and postoperative standing radiographs of the whole spine for 
comparing analysis by Surgimap®. Statistics were expressed as 
mean ± standard deviation and tested for significance using the 
Wilcoxon, Mann-Whitney-U and Chi-Square Test with a p value < 

 being considered statistically significant.  
Results: Both techniques showed a significant gain of segmental 
lordosis from pre- to postoperatively by mean 2.1°   in 
the UF and 4.3°   in the BF group. The 
spondylolisthesis was found to be significantly reduced by mean  
±2.2mm in the UF group (p<0.01) and 2.4 ±1.9mm (p<0.01) in the 
patients treated with BF. There was no statistical difference in the 
degree of lordosis gain nor the reduction of spondylolisthesis 
between the two groups (both p>0.1). However, the mean 
intraoperative blood loss was significantly increased in the BF 
patients ( 03 ±347ml) compared to UF (437 ±207ml) (p< 0.001). 
The mean surgery duration was significantly longer with BF (240 

 than with UF (197 ±37min) (p=0.001). There was no 
significant difference found between the two groups in either hospital 
duration, surgical wound pain levels (NRS, p=0.66), nor the need of 
pain killers at discharge (WHO grade, p=1), nor intraoperative and 
early postoperative adverse events (p=0.44). The distribution of the 
patient age (64 ±11 yo vs. 62.4 ±10.6 yo, p=0.46), BMI (29.6 ±7 vs. 

   ASA grade (1:2:3, 6:67:27 % vs.  %, 
p=0.2), gender (f:m, 60:40 % vs.  %,  as well as the 
distribution of the cage height (all with obliquity of  and operated 
segments (both p>0.1) was equal across both groups (UF vs. BF, 
resp.).  
Discussion: The findings of our study demonstrate no general 
superiority of BF over UF in restoring sagittal alignment and gaining 
segmental lordosis in monosegmental MIS TLIF surgery for patients 
with lumbar degenerative disease. Due to a greater blood loss and 
longer surgery duration compared to UF, the indication for BF in 
MIS TLIF surgery needs to be set wisely accordingly, e.g. in patients 
with a symptomatic bilateral high grade foraminal stenosis. Further 
radiological or anatomical factors need to be investigated to identify 
the patients, who could in particular benefit from BF in MIS TLIF 
surgery.  
 
P 99 
Evaluation of Cage Subsidence in Standalone Lateral Lumbar 
Interbody Fusion: Novel 3D-printed Titanium versus 
Polyetheretherketone (PEEK) Cage  
*D. Adl Amini1,2, I. Okano2, L. Oezel2,3, J. Zhu2, E. Chiapparelli2, 
J. Shue2, A. A. Sama2, F. P. Cammisa2, F. P. Girardi2,  
A. P. Hughes2 
1Charité - Universitätsmedizin Berlin, Centum für 
Muskuloskeletale Chirurgie, Berlin, Germany 
2Hospital for Special Surgery, Spine Care Institute, New York, 
United States 
3Universitätsklinikum Düsseldorf, Klinik für Orthopädie und 
Unfallchirurgie, Düsseldorf, Germany 
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Introduction: In laboratory settings, 3D-printed porous titanium
(Ti) cage with their unique architecture demonstrated a substantial
decrease in stress at the bone-hardware interface and are reported 
to be more osteoconductive, maximize bone-to-implant contact,
and have more compressive shear strength under physical force
than polyetheretherketone (PEEK). Nevertheless, the subsidence
rate of these new Ti cages compared to cages made out of 
commonly used material such as PEEK, has not been investigated
in SA-LLIF. This study aims to compare the early subsidence rate
of standalone Ti versus PEEK interbody cages after LLIF.
Material/Method: A retrospective study of 113 patients
levels) who underwent LLIF surgery with Ti or PEEK cages was
conducted. Early subsidence was measured in each treated level
using the Marchi et al. classification in radiographs or CT scans
acquired at 6-12 months follow-up. Multivariate logistic regression 
analyses with generalized mixed models, setting subsidence as the
outcome variable and including cage type (Ti vs PEEK) as well as
significant and trending variables (p<0.10) in univariate analyses,
was conducted.
Results: In total, female and 62 male patients were analyzed.
The median [IQR] age at surgery was 60.0 -70.0] years. Of
the levels, 119 levels were treated using PEEK and 67 levels
with Ti cages. The overall subsidence rate for Grades I-III was
significantly less in the Ti versus the PEEK group (p=0.003). For
high-grade subsidence (Grade II or III), Ti cages also demonstrated 
a subsidence rate (3.0%) that was significantly less compared to
PEEK cages 0.002). Multivariate analysis showed that
patients treated with Ti cages were less likely to develop severe
subsidence compared to those treated with PEEK (OR=

0.01, 0.30)(p= 0.001).
Discussion: To the authors" knowledge, this is the first study to
investigate cage subsidence in novel 3D-printed Ti versus PEEK
cages after standalone lateral lumbar interbody fusion. In general,
there are a limited number of clinical studies investigating cage
subsidence in the new Ti cages using the LLIF approach. Campbell
et al. and Krafft et al. both investigated subsidence rates in Ti
cages in different settings without previous fusions (PLIF, Ti
versus PEEK and LLIF, without a control group). Both showed
statistically less subsidence rates for novel Ti cages. Our study
demonstrated that novel Ti cages had a significantly lower early
subsidence rate compare to PEEK cages in standalone LLIF
patients.

Fig. 1gggggggg
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Early failure of dynamic topping-off constructs in lumbar
degenerative disease.
*K. A. C. Oswald1, S. Hoppe1,2, C. A. Mazuret Sepúlveda3,
S. F. Bigdon1, C. E. Albers1

1Inselspital, Bern University Hospital, University of Bern,
Department of Orthopaedic Surgery and Traumatology, Bern,
Switzerland
2Hirslanden Salem-Spital, Spine Medicine Bern, Bern, Switzerland
3Dr. Sótero del Río Hospital, Department of Orthopaedic Surgery
and Traumatology, Puente Alto, Chile

Introduction: Dynamic topping-off systems have been developed
to provide semi-rigid stability. They are designed to allow guided 
segmental motion cranially to the fused segments and thus to
reduce the development of adjacent segment pathologies (ASP).
However, the benefits of dynamic topping-off systems to prevent
ASP are discussed controversially in the literature. The aim of this
study was 1) to determine the rate of failure related to the

dynamically stabilized segment requiring revision surgery, and 2) 
to identify risk factors correlating with failure of dynamic lumbar
implants.
Material/Methods: We retrospectively analyzed 43 patients (67 ±
9.7 [44 - years; male) suffering from degenerative lumbar 
disease who received a posterior long segment 3 segments)
stabilization of the lumbar spine (L1 - S1/ilium) with an additional
dynamic topping-off (Hybrid Performance System) between 2014 -
2017. Mean follow-up time was 1.2 ± 0.7 - 3] years. All
patients were followed-up clinically and radiographically. In case
of construct failure requiring revisions surgery, the mode of failure
and the interval between the index and revision surgery was
identified. Logistic regression was performed to assess risk factors
for failure (age, gender, osteoporosis, pelvic incidence (PI), lumbar
lordosis (LL), spinopelvic mismatch (PI minus LL).
Results: Of all included 43 patients, five patients (12%) required 
revision surgery related to failure of the dynamically stabilized
segment. The mean time to failure was 1.1 ± 0.4 - 2] years.
The modes of failure included adjacent segment disease (3 
patients), screw-loosening (1 patient), and adjacent fracture (1
patient). None of the listed factors increased the risk for failure.
Discussion: This study reveals a 12% failure rate related to the
dynamically stabilized segment at short-term follow-up. Based on
these findings, the benefits of constructs with a dynamic topping-
off in terms of preventing ASP can be questioned. However, future
studies including larger patient numbers, a control group, and
longer follow-up periods are required to confirm or rule out these
findings.

P 101
Pilot study to evaluate the applicability of a DICOM-based
data analysis software in terms of fusion assessment of a
titanium cage after transforaminal lumbar interbody fusion
*D. Wehner1, M. Rickert2, M. Eichler1, B. M. Hölper1

1Wirbelsäulenzentrum Fulda Main Kinzig, Fulda, Germany
2Schön Klinik, Fachzentrum Wirbelsäulenchirurgie, Lorsch,
Germany

Objective: The aim of the present study was to evaluate the
feasibility of a software-based radiological measurement of the
cage position and to quantify a possible cage migration and
subsidence by means of computed tomography DICOM data
following lumbar interbody fusion. Besides the impact of cage
migration and subsidence on fusion and clinical outcome were
analysed.
Materials and Methods: Using the software VGStudio Max,
postoperative CT datasets of 67 patients treated with
monosegmental, posterior instrumented TLIF were analysed
regarding the cage position. A displacement of the cage 1 mm
and 3°, respectively was defined as minimal, a displacement 3
mm and 10°, respectively was defined as definite cage migration
or subsidence. To investigate the impact of cage migration and
subsidence on fusion, 12-month postoperative computed 
tomography scans were used for assessment of fusion status
according to a graduation published by Bridwell et al. Clinical
evaluation included the analysis of the Oswestry Disability Index,
the visual analogue scale, the pain medicine use and the modified
Pationnaire Questionnaire.
Results: The measurement of the cage position by use of 
VGStudio Max proves to be a precise and reliable method to
quantify cage migration and subsidence. Postoperative cage
migration occurred in of all patients (61,2% minimal, 23,9%
definite). A subsidence of the cage has been observed in

minimal, definite). patients showed
radiological signs of a pseudarthrosis. The other had
evidence of grade I or II fusion. Neither cage migration nor
subsidence impacted clinical or radiographic outcomes. No
correlation was found between clinical and radiographic outcomes.
Conclusion: Considering minimal displacement of cages, the
incidence of cage migration is notably higher than described in
literature. Since cage migration and subsidence do not influence
bony fusion, they are irrelevant in terms of spinal fusion outcomes
assessment and thus of a significantly lesser importance than
estimated in the recent literature.
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"Vampire Lifting" in Spine Surgery - Noninferiority of
Platelet-Rich Plasma compared with cortisone in the treatment
of lumbar facet joint syndrome.
*F. Corr1, D. Grimm1, R. Rothoerl2

1EDU Medical College, Kalkara, Malta
2Isarklinikum, Neuro- & Wirbelsäulenchirurgie, München,
Germany

Introduction: Lumbar facet joint syndrome is a common condition 
in today's aging society. Infiltration of the facet joints with
cortisone is often used to supplement conservative therapy.
However, the effect and the number of injections are limited due to
the possible side effects. Therefore, it is usually recommended to
perform only a few injections per year. Furthermore, in some
patients, the administration of cortisone is contraindicated. In 
orthopedics, platelet-rich plasma (PRP) has long been used to treat
osteoarthritis. Stimulating growth factors can lead to a long-lasting
effect in these patients without the morbidity of glucocorticoids.
Therefore, we use PRP injections in patients with appropriate
contraindications. This analysis examines the efficacy and safety of 
PRP for facet joint infiltration in a presenting lumbar facet joint
syndrome in comparison to the so-called gold standard (injection of
cortisone and ropivacaine).
Materials/ Methods: The pain records of 40 patients (24 women
and 16 men, mean years, range - years) diagnosed with
facet joint syndrome were analyzed. The diagnosis was confirmed 
by diagnostic block. If patients experienced pain relief with
two lumbar medial branch blocks with ropivacaine, they were
enrolled in the study. Three injections were given for 3 consecutive
weeks. Patients' preoperative and postoperative VAS scores 24 
hours after each injection and 1 week after the last injection were
analyzed and compared. Potential complications were recorded.
Results: VAS scores were significantly lower postoperatively than
before injection in both groups (VAS mean 6.4, range 4-7) before
injection and 4.2 (range 0-7 after the first, 3.9 after the second, 4.4
after the third, and 4.1 at 1 week after the third injection) (P <
in each case). No difference was observed between the two groups.
No complications were observed except that 1 patient suffered 
from transient numbness after injection of cortisol and ropivacaine.
Discussion: In this study, no significant difference in treatment
response and complications was observed with PRP compared to
cortisone. Since cortisone is contraindicated in certain patient
populations, PRP represents a low-risk and equivalent alternative
for the treatment of lumbar facet joint osteoarthritis. After
unsuccessful response to cortisone, infiltration with PRP may be
considered as another therapeutic option.
References:
Vincent, Hunter et al. "Regenerative Injection Treatment in the
Spine: Review and Case Series with Platelet Rich Plasma."
Figure 1: Clinical application of PRP. a) Associated platelet
growth factors b) Method of preparation and c) Intra-articular
infiltration.
Figure 2: VAS score of both treatment groups over time after
injections.
Acknowledgments: We would like to thank Noa-Lena Hillenbrand
for the illustrative artwork in this manuscript.
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Intraoperative fluid management in complex lumbar spine
surgery
*A. Abramov 1, C. Orban1, S. Lener1, P. P. Girod1, C. Thomé1,
S. Hartmann1

1Universitätsklinik für Neurochirurgie, Innsbruck, Innsbruck,
Austria

Introduction: Pedicle subtraction osteotomies (PSO) are often
performed to correct sagittal malalignment. Due to the length of 
surgery and the considerable blood loss, intraoperative fluid 
management and administration of blood products is crucial. The
aim of this study was to evaluate the intra- and postoperative fluid
balance in lumbar PSO patients.
Material/Methods: Patients treated with lumbar PSO between
2014-2020 at the authors' department were included in this
retrospective study. Baseline data (age, sex), intraoperative fluid
management (colloid/crystalloid infusions, blood products: fresh 
frozen plasma [FFP], erythrocyte concentrate [EC], autologous
blood by autotransfusion), the duration of surgery, perioperative
serum hematocrit (HC)-levels and postoperative fluid balance were
documented.
Results: 107 patients men, 72 women, mean age: 64.6±11.0
years) were included. The mean duration of surgery was
373±10min with an average HC drop from to
31.7±0.4% (p<0.001). The mean blood loss was 2392±239 ml, the
average urine excretion was 1900±97 ml. In total, patients received

ml of fluid solutions 923±196ml of intravenous drips
ml of blood products [FFP, EC, autotransfusion])

during the intervention, resulting in a fluid excess of
and significant higher fluid volumes compared to recent
recommendations (maintenance volume: 2-3ml/kg/hour, e.g.
1260ml for a patient with 70kg and surgery duration of 6h) (Fig.
1). Postoperatively, patients were transferred to the neurosurgical
intensive care unit and were held under fluid deficit resulting in a
total liquid excess of 4173±324 ml at POD 0.
Discussion: Estimated fluid administration could lead to
overhydration and the resulting risks, especially during highly
invasive procedures. The results of this study may serve as an
impulse for a standardized and individually calculated fluid therapy
for patients undergoing complex spine surgery. Sufficient
preoperative planning and collaboration with the anesthesiologic
team is highly advocated and mandatory to optimize the
intraoperative fluid management.
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The Spectrum and Prevalence of MRI Pathologies of Patients 
Undergoing Surgery for Degenerative Cervical Myelopathy: 
Preliminary Analysis of an Ongoing Prospective Study 
*A. Nouri1, G. Molliqaj1, G. Jannelli1, A. Lave1, E. Tessitore1 
1Geneva University Hospitals, Neurosurgery, Genf, Switzerland 

Background: Multiple studies have attempted to better delineate 
diagnostic and predictive factors of Degenerative Cervical 
Myelopathy (DCM). However, it is clear that such research will 
depend on the understanding of the heterogeneity of this 
population. Using an ongoing prospective study, we report a 
preliminary finding of a large set of MRI findings present 
preoperatively in patients undergoing surgical treatment for DCM.  
Methods: All eligible DCM patients were enrolled into our 
institutional prospective protocol. MRIs were reviewed for the 
presence of types of pathologies, the level of highest compression, 
the number of levels involved in compression or touching the 
spinal cord, T2 hyperintensity (including the presence of skip 
lesions), the maximum canal compromise and maximum spinal 
cord compression based on sagittal imaging.  
Results:  patients were included. The average number of 
compressed levels was 2.3. The most common level of maximum 
compression was -6 (36%), followed by C4-  (30%). -6 and 
C4-  were also most commonly implicated in cord compression 
presenting in 70% and  respectively. T2 hyperintensity was 
observed in  (n=42) and vertical skip lesions was observed in 

  Specific pathologies included: Multilevel degeneration 
(spondylosis)  single disc herniation 21.4%, OPLL 14%, 
ligamentum flavum hypertrophy/bulging 39.3%, Spondylolisthesis 
33.9%, Klippel-Feil Syndrome  Modic changes 33.93%, 
Cord-Canal mismatch (congenital stenosis) 14%, Hyperostosis of 
ALL (DISH) 10.7%. The average sagittal canal compromise at the 
most stenotic level was  (26.3%-  and the average 
maximum spinal cord compression was 34.1% (7.1%-  
Conclusion: DCM patients present with a wide range of imaging 
findings and pathologies. Notably, many pathologies rarely 
reported amongst DCM patients are also commonly found, 
including DISH and Modic changes. This research confirms that 
future studies assessing surgical outcomes should bear in mind that 
these varying features may impact disease severity, surgical-
decision making and quality of life assessments.  
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Centre of Rotation (COR) analysis for thoracic and lumbar 3-
column osteotomies in patients with sagittal plane spinal 
deformity – Analysis of geometrical changes can improve 
understanding correction mechanics. 
*H. Koller1, I. C. Hostettler2, A. Ansorge3, F. C. Stengel2, T. 
Fekete3, D. Jeszenszky3 
1Medical University Innsbruck, Department of Neurosurgery, 
Innsbruck, Austria 
2Klinikum Rechts der Isar, Neurochirurgie, München, Germany 
3Schulthess Klinik, Orthopädie, Zürich, Switzerland 

Introduction: Three-column osteotomy (3CO) is used for severe 
spinal deformities. Associated complications include sagittal 
translation (ST) at the osteotomy site which can lead to 
neurological symptoms. Mismatch between the surgical centre of 
rotation (COR) and the ideal COR is a potential cause of ST. 

Matching the surgical with conceptional COR is difficult with 
pedicle subtraction osteotomy (PSO) and vertebral column 
resection (VCR). This mismatch influences correction geometry, 
which can prevent maximum possible correction. Our objective 
was to examine the sagittal correction geometry and surgical COR 
of thoracic and lumbar 3CO.  
Methods: A retrospective study of patients with PSO or VCR for 
severe sagittal plane deformity being operated by to senior 
surgeons was done. We analysed the surgical COR using pre- and 
postoperative CT-scans in the PSO-group and digital radiographs 
in the VCR-group. Radiographic analysis included standard sagittal 
plane deformity measurements (e.g. lumbar lordosis, thoracic 
kyphosis, pelvic tilt) and regional kyphosis angle (RKA). All 
patients had 2-year follow-up including neurological outcome. 
Preoperative CT-scans were studied for rigid osteotomy sites vs. 
mobile osteotomy sites. Additional radiographic analysis of 
surgical COR based on established techniques superimposing pre- 
and postoperative images. The position of the COR was defined in 
a rectangular net layered onto the osteotomy vertebra (OV). See 
Fig.1 for explanations.  
Results: 69 patients fulfilled inclusion criteria for sagittal plane 
deformity and having radiographic sets completed. We included 34 
patients undergoing PSO and  that had VCR, mean age was  
and 29 years, regional kyphosis angle (RKA) correction was 31° 
and 49°, respectively. 
In the PSO-group, COR was mainly in the anterior column. 
Surgical and conceptional COR matched in 22 patients  
Smaller RKA-correction (27° vs. 32°, p=.09) was seen in patients 
with anterior eccentric COR. Patients with rigid osteotomy sites 
were more likely to have an anterior eccentric COR (41% vs. 11%, 

 
In the VCR-group, 20 patients  had single-level VCR,  
(43%) multilevel. COR was mainly located in the anterior or 
middle column. Mismatch between surgical and conceptional COR 
occurred in 24 (69%) patients. Larger RKA-correction (63° vs.  
p=.03) was seen in patients with anterior column COR. Patients 
with any posterior COR had a smaller RKA-correction compared 
to the rest (42° vs. 61°, p=.007).  
Conclusion: We present the first study showing that matching the 
surgical and conceptional COR is difficult and fails in about one- 
to two-thirds of patients undergoing thoracic or lumbar 3CO. 
Patients had a larger extent of deformity correction when the 
surgical approached the conceptional COR. To avoid ST also in 
those patients where the surgical COR did not match the 
conceptional COR, controlled correction manoeuvres were shown 
effective using temporary rods, tracking-rods or specific 
instruments. 
 
Fig. 1 
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Correction of spino-pelvic alignment with relordosing
mono- and bisegmental TLIF-Spondylodesis – a 3 year
follow-up
*F. Galla1, U. Liljenqvist1

1Franziskus Hospital Münster, Wirbelsäulenchirurgie, Münster,
Germany

Introduction: A balanced ratio of the main parameters of
lumbar lordosis (LL) and pelvic incidence (PI) has high clinical
relevance. A postoperativ mismatch of LL and PI has been
described in the literature to be associated with an inferior
clinical outcome and higher postoperative revision rates. In a
first evaluation 3 months after surgery we were able to show
that through mono-/bisegmental TLIF-Spondylodesis the spino-
pelvic balance can be affected positively. The aim of this
follow-up study is the evaluation of the development of
spinopelvic alignment after 3 years in attention to stability of
correction, possible influencing factors and health-related
quality of life.
Material/Methods: Retrospective radiological evaluation
(lumbar lordosis, pelvic incidence, cage size, Smith-Peterson-
Osteotomie) of 74 patients who underwent monosegmental

G1) and bisegmental (n=24, G2) TLIF-Spondylodesis
within an average follow-up of 3 years. Patients were divided
into three groups depending on match of LL/PI (LL-PI <10°
green, LL-PI 10-20° yellow, LL-PI > 20° red). To analyse
health-related quality of life additinal outcome scores were
applied (VAS back/leg pain, ODI, SF-36).
Results: 26% of the patients in G1 and 4.2% in G2 showed a
highly pronounced preoperative spino-pelvic mismatch (red). A
high grade of mismatch (yellow) between LL/PI was seen in
34% in G1 and in 41,7% in G2. The remaining patients already
had a balanced ratio of LL/PI (green, G1: 40%, G2:
Through relordosing TLIF the LL could be corrected
significantly after 3 months 3 years postoperative
spinopelvic balance could be upheld, as well (76% (G1);
(G2); Pat. who underwent bisegmental TLIF-
Spondylodesis sustained a higher loss of correction regarding
LL. Irrespective of the postop. spinopelvic balance a significant
reduction of VAS leg/back pain with only sparse to moderate
residual impairment of health-related quality of life (ODI)
could be shown 3 years after surgery.
Discussion: This retrospective study demonstrates that
significant relordosing and therefore lasting correction of the
spino-pelvic alignment is possible with mono-/bisegmental
TLIF-Spondylodesis. We conclude that the ratio of LL/PI
should be taken into account preoperatively in lumbar-fusion
surgery to optimize spino-pelvic alignment. In addition health-
related quality of life as well as the pain level can be influenced
significantly.
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Initial experience of an AI-assisted prediction of outcome after
degenerative spine surgery
*A. Gepperth1, B. M. Hölper2, M. Eichler2, L. Auerbach2

1Hochschule Fulda, Institut für Angewandte Informatik, Fulda,
Germany
2Wirbelsäulenzentrum Fulda Main Kinzig MVZ GmbH, Fulda,
Germany

Introduction: The prognosis of surgical treatments for degenerative
spine diseases is multifactorially influenced. Complex AI analysis
and prognosis systems will therefore become increasingly important
in the future, as statistical methods have limitations when
multifactorial considerations are taken into account. In the presented
work, AI methods for prognosis of clinical outcome 1 year
postoperatively are applied in patients after spine surgery and their
basic practicability is validated.
Material and Methods: 1-Year postoperative outcomes were
recorded in 2403 patients and used as AI training data. Forty-three
different surgical categories were divided into 13 supercategories
(fig. 1), and age was divided into two categories. In addition, health

status, dates of surgery, symptom duration, and subjective
assessment of post-operative improvement in condition were
recorded, among others.AI prediction was realized by a deep neural
network (DNN), which was trained with all data collected before
surgery and calculated a probability for outcome categories. The
DNN comprised 4 layers of 100 neurons each (ReLU, softmax in
output). Training was performed with a learning rate of 0.01 and the
Adam optimizer for iterations (objective function: cross
entropy). Raw data were balanced and randomized by oversampling
technique before training. Test data were randomly drawn at a ratio
of 1:10. Analysis was performed using a confusion matrix to
measure the correct AI prediction of outcomes or their confounding.
Results: Postoperative condition improvement can be predicted very
reliably from the preoperative situation (Fig. 2). The classification
error is approximately One can reduce the error to 9% if one
also accepts "adjacent" AI predictions as correct. If one restricts the
training to the two most frequent OR categories (see Fig.1), the error
improves to about Since the AI prediction is validated on data
unknown to the DNN, high accuracy can also be expected in
practice, which predisposes the DNN to multifactorial analyses.
Discussion: AI-based systems do not currently replace statistical
methods for investigating different treatment modalities and
influences on clinical outcome. Nevertheless, a prognostic
probability of more than 90% is surprisingly good. When statistical
methods are used, the normal distribution assumption is often
resorted to. This reduces the required number of cases, but does not
correctly describe the problem. For robust calculations of multi-
factorial correlations, higher numbers of cases are also required in a
statistical analysis. Considering non-numerical data (ordinal,
nominal) is much easier in AI systems due to the weaker
assumptions and does not require any additional effort. In the future,
AI-based systems will play out the decisive advantage with high case
numbers when it comes to multifactorial data sets whose weighting
among each other plays a major role.

Fig. 1

Fig. 2g
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Risk factors for recurrent lumbar disc herniation -  
A systematic review 
*V. J. Heck1, T. Prasse1, M. Lenz1, A. Harland1, J. Bredow1,  
P. Eysel1, M. J. Scheyerer1 
1Uniklinik Köln, Klinik und Poliklinik für Orthopädie und 
Unfallchirurgie, Köln, Germany 

Introduction: Despite new treatment options and various surgical 
approaches, recurrent lumbar disc herniations (rLDH) are still a 
common complication after lumbar discectomy with an incidence 
of 3-  %. The aim of this systematic review was to analyze 
patient-related risk factors for rLDH and to identify to what extent 
different surgical techniques affect the risk for the occurrence of 
rLDH. In doing so, we focused on the differences between open 
and full endoscopic spine surgery and related outcomes. 
Materials/Methods: A systematic literature analysis of two online 
databases (MEDLINE and Cochrane Library) was performed 
according to the PRISMA statement. We included prospective and 
retrospective cohort studies as well as case-control studies that 
considered at least five different patient-related risk factors for 
rLDH and had a follow-up time of at least six months after the 
initial discectomy. Risk factors for the occurrence of rLDH in both 
open and endoscopic lumbar discectomies were identified and 
compared to each other to figure out their procedure-specific 
relevance. 
Results: A total of  articles were screened. After exclusion 
and full-text analysis, 16 case-control studies and one retrospective 
cohort study were included. Nine studies addressed open 
discectomies and eight studies focused on endoscopic procedures 
for surgical treatment of lumbar disc herniations. Within these 
studies, 12,606 discectomies containing 704 cases of rLDH  %) 
were identified. The incidence of rLDH was significantly higher in 
the group of open procedures compared to endoscopic surgery 

 % vs. 4.3 %, p < 0.01). The most significant risk factors for 
rLDH were a high Body Mass Index  ±  kg/m2; range: 
23.7 to 29.0 vs. 24.7 ± 1.74; range: 21.9 to  age above  
years, history of smoking and diabetes mellitus. Neither sex nor 
chronic alcohol abuse increased the risk of rLDH significantly. In 
endoscopic spine surgery smoking is less likely to lead to rLDH, 
whereas higher age was identified as technique-related risk factor 
when compared to open lumbar discectomies. 
Discussion: This systematic review summarizes the current state of 
evidence according to patient and procedure-related risk factors 
and their relevance for rLDH occurrence. An algorithm to calculate 
the individual risk for rLDH should be created based on these risk 
factors to suggest the most appropriate surgical procedure to 
maximize clinical outcomes. This should be investigated in further 
studies, including patient- and procedure-related factors as well as 
radiological and clinical outcome measurements. 
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