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V 1 
Coronal Oblique Orientation Offers Improved Visualization 
of Neuroforamina in Cervical Spine Magnetic Resonance 
Imaging 
W. Freund1, *S. Klessinger2,3, M. Mueller1, M.-E. Halatsch3, 
G. Hoepner1, B. Schmitz1 

1Uniklinik, Radiologie, Ulm, 2nova clinic, Neurochirurgie, 
Biberach, 3Uniklinik, Neurochirurgie, Ulm  
 
Introduction: Angulated projections are a standard in 
conventional radiography of the cervical spine. However, they 
are not widely used in magnetic resonance imaging (MRI). Since 
neuroforaminal pathology is responsible for many causes of 
radiculopathy, improved visualization of the neuroforamen is 
necessary. Especially in the neurosurgical setting, it is important 
to discern the degree of neuroforaminal stenosis and the cause 
(osseous or soft). 
Materials/Methods: In a retrospective setting in one imaging 
centre that had used this technique already, 25 consecutive 
patients diagnosed with cervical monoradiculopathy were 
identified after approval of the study by the local ethics 
committee. T2-weighted sagittal, coronal oblique and transversal 
slices were anonymized and individually integrated into a 
portable document format presentation, generating 75 “cases” 
consisting of stacks of slices in only one spatial orientation. 
These 75 cases were rated individually by four raters (2 
neurologically experienced radiologists and 2 neurosurgeons, one 
of each pair experienced with the coronal oblique slices; the 
naïve received a 10-minute training). Rating criteria were level 
and side of the predominant neuroforaminal stenosis, grading of 
neuroforaminal impingement, cause of stenosis and the level of 
confidence with the rating on a 100-point visual analogue scale 
(VAS). The results were compared to the clinical gold standard 
of the final neurological diagnosis. Comparisons were performed 
with t-tests, taking a level of p<0.05 as statistically significant. 
Interrater agreement was computed. 
Results: Using only one orientation, the sensitivity to diagnose 
the relevant neuroforaminal stenosis was 0.45 for transversal, 
0.63 for sagittal and 0.61 for coronal oblique scans. Every two-
plane combination had a sensitivity of 0.72 and the combination 
of three planes of 0.77 to detect the relevant lesion in at least one 
sequence. The readers felt significantly more confident of their 
rating of the cause of neuroforaminal pathology on coronal 
oblique planes (76.4 vs. 68.2 vs. 68.6 VAS points for coronal 
oblique vs. sagittal vs. transversal, p=0.006 each). Compared to 
all readers as the standard, neither experience with the sequence 
nor the professional status resulted in significant differences in 
the fraction of correct diagnoses (range 51-59%), however, 
interrater agreement was significantly better for experienced 
readers (kappa ,.48 vs 0.32 for inexperienced readers, p=0.02). 
Conclusion: The addition of coronal oblique planes into the 
protocol for cervical spine MRI provides valuable additional 
information and improves confidence in the attribution of the 
cause of neuroforaminal obstruction as well as sensitivity 
towards detection of relevant neuroforaminal pathology. 
Experience with the sequence increases interrater agreement. 
 
Fig. 1 

 

V 2 
Awareness of Coexistence of Neck and Shoulder Disability: 
Results of a population-based study on Normative Scores and 
Multifactorial Risks of Neck and Shoulder Problems. 
*J. Zenner1, S. Osipjan1, W. Hitzl2, M. Mayer3, C. Bismarck1, 
H. Judith1, H. Koller3 

1Hospital zum heiligen Geist Fritzlar, Abt. für Viszeral- und 
Unfallchirurgie, Frirtzlar, 2Paracelsus Medical University 
Salzburg, Research Office for Biostatistics, Salzburg, Österreich 
3Werner-Wicker-Klinik, Zentrum für Wirbelsäulenchirurgie, Bad 
Wildungen 
  
Introduction: Several factors adversely influence clinical 
outcomes after treatment of cervical spine pathologies. However, 
the role of shoulder disability is little understood. The aim of this 
study was to generate normative scores for neck and shoulder 
disability in an adult Caucasian population, to determine the 
coexistence of neck and shoulder disability, and to identify risk 
factors for elevated disability. 
Methods: A consecutive series of 1000 adults presenting at the 
outpatient clinic of a primary care center were asked to complete 
a survey set. Inclusion criteria:No history of cervical spine, 
shoulder or peripheral upper extremity injury demanding 
treatment. We included validated measures for cervical spine 
(NDI%,VAS-neck), shoulder (quickDASH,modified Constant 
score,VAS-arm), psychologic distress (HADS-A,HADS-D) and 
questions focusing on concerns related to cervical 
disorders,medical care utilization,occupation and social life. 
Results: Sample included 525 males, 34% smokers,age was 
39yrs(16-90yrs), BMI 26±5. VAS-neck was 1.2±1.8, NDI 
7.3±9.3%, VAS-arm 0.8±1.6, quickDASH 6.2±11.3, Constant-
score 70.7±8.3, HADS-A 4.9±3.7, HADS-D 3.2±3.5. Less than 
1% had frequent/continuous limitation of social,private or 
occupational activities due to neck pain, 20% had rare limitation. 
Psychological scores showed significant correlation with 
cervical&shoulder disability (p<.05,r=0.3 to r=0.5). However, 
correlations between neck (NDI%,VAS-neck) and shoulder 
disability (Constant score,VAS-arm,quickDASH) were stronger 
(p<.0001,r=0.5 to r=0.6,fig.1). The incidence of hand numbness 
and finger tingling (34%) was highest in smokers (p<.007). 
Smokers had lower Constant scores (p=.02), increased NDI 
(p=.08). 9% showed a limitation of neck rotation, increased in 
smokers (p=.08). Unemployment was linked with increased 
incidence and severity of neck&shoulder disability (p=.04 to 
p=.01) and psychological distress (p=.01).Women had increased 
VAS-arm (p<.001), VAS-neck (p<.001), NDI% (p<.001), HADS 
(p<.001). Occupation had impact on neck&shoulder disability 
(p<.001): Disability was highest in nurses, lowest in 
soldiers.Need for medical care utilization and pain medication 
increased, while neck rotation decreased with increased 
cervical&shoulder disability and psychological distress (p<.001). 
BMI>35 had impact on shoulder disability (p<.05:quickDASH, 
Constant score) and psychological distress (p<.05,HADS). 
Limited neck rotation was present in case of increased BMI, age, 
psychological distress, cervical&shoulder disability (p<.001).  
Conclusion: Normative scores for parameters defining neck and 
shoulder disability were reconstructed based on a large sample. 
Outcomes of cervical surgery can be normalized to our results. 
Better understanding of incidences and interdependency of 
neck&shoulder disability and psychologic distress in a normal 
population improves decision making and patient counseling on 
outcomes and expectations.  
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V 3 
Focal hypermetabolism in 18F-FDG PET of the cervical spinal 
cord indicates neuroinflammation and potential of good 
clinical recovery in cervical spondylotic myelopathy 
*J. Herdmann1,2, K.-J. Langen3, N. Galldiks3, S.O. Eicker4, 
F. Floeth1,2 

1St. Vinzenz-Krankenhaus Düsseldorf, Klinik Wirbelsäule & 
Schmerz, Düsseldorf, 2Universität Düsseldorf, Neurochirurgische 
Klinik, Düsseldorf, 3Forschungszentrum Jülich, Institut für 
Neurowissenschaften und Medizin, Jülich, 4Universitätsklinikum 
Hamburg, Neurochirurgische Klinik, Hamburg  
 
Introduction: The impact of spinal cord glucose uptake using 
18F-FDG PET regarding the pathophysiologic role of 
compression induced local neuroinflammation of the spinal cord 
and regarding clinical recovery after decompressive surgery was 
determined in patients with spondylotic cervical myelopathy. 
Material and Methods: 23 patients with monosegmental 
spondylotic cervical myelopyathy with both, clinical symptoms 
and neuroradiological signs (e.g., intramedullary signal 
enhancemant on T2-weighted MRI) of spinal cord compression 
were included. 20 patients underwent decompressive surgery. 
Clinical course using a functional score (JOA score), 
maximalstandardized uptake values (SUV) of 18F-FDG uptake, 
and MRI were assessed before and 12 months after surgery. Pre- 
and postoperative changes of 18F-FDGPET were correlated with 
the patients’ clinical outcome. 
In three patients that refused surgery initially we monitored the 
impact of a steroid medication alone on myelopathic symptoms 
and on the changes of focally disturbed glucose uptake in PET. 
Results: A broad decompression of the spinal canal with a well-
restored subarachnoid space was documented in all patients by 
MRI. PET imaging identified two different patterns of disturbed 
glucose metabolism: Group A (n=10) showed a focally increased 
18F-FDGuptake at the level of the stenosis (SUV 2.3 ± 0.4) in the 
preoperative PET. At follow-up, the uptake had declined 
significantly (SUV 1.9 ± 0.5;P =0.008) and these patients 
experienced a marked clinical recovery (pre- vs. postoperative 
JOA score: 9.5 ± 2.5 vs. 14.6 ± 1.7;p< 0.001). 
Group B (n=10) was characterized by an inconspicuous glucose 
uptake at the level of cord compression (SUV, 1.9 ± 0.2) in the 
preoperative PET. At follow-up, the 18F-FDGuptake didn´t 
change (SUV 1.8 ± 0.3;P= 0.031) and no significant clinical 
improvement could be seen despite wide decompression of the 
spinal cord (pre- vs. postoperative JOA score: 11.6 ± 2.5 vs. 12.2 
± 2.4;P =0.081). 
All three non-surgical patients had a focally increased 18F-FDG 
uptake at the level of the stenosis and were treated with 
dexamethasone (oral medication). Clinical improvement and 
normalization of 18F-FDGuptake at the level of the stenosis were 
observed thereafter. 
Conclusion: Focal glucose hypermetabolism at the level of cord 
compression predicts significant clinical improvement after 
surgical decompression as well as after oral treatment with 
dexamethasone suggesting a functional and still reversible 

damage to spinal cord structures in an early stage of myelopathy. 
In contrast, a lack of hypermetabolism at the level of cervical 
spinal cord compression predicts a poor recovery potential and 
suggests irreversible structural damage to the spinal cord 
reflecting a progressed state of myelopathy. Focal 
hypermetabolism due to confinement of the spinal cord appears 
to occur temporarily and may reflect an inflammatory response 
induced by infiltration of glucose-consuming macrophages into 
the medulla. This process can be suppressed with coticosteroids. 
 
V 4 
Distraction test of the posterior superior iliac spine (PSIS) in 
the diagnosis of sacroiliac joint arthropathy 
*G. Osterhoff1, A. Hoch1, L. Gautier1, M. König1, H.-
P. Simmen1, C. Werner1 

1UniversitätsSpital Zürich, Klinik für Unfallchirurgie, Zürich, 
Schweiz 
 
Introduction: The sacroiliac joint (SIJ) is a frequently 
underestimated cause of lower back pain. The gold standard for 
the diagnosis of SIJ-generated pain is the SIJ infiltration. It would 
be desirable, to have a simple clinical test of sufficient validity to 
minimize the number of invasive diagnostic procedures. It was 
the aim of this study to evaluate the diagnostic value of a new 
PSIS distraction test for the clinical detection of SIJ arthropathy 
and to compare it to several commonly used clinical tests 
Methods: Consecutive patients where a SIJ pathology had been 
confirmed by an SIJ infiltration were analysed (case group, 61 
SIJs in 46 patients). Before infiltration, patients were tested for 
pain with PSIS distraction by a punctual force on the PSIS in 
medial-to-lateral direction (PSIS distraction test), pain with 
pelvic compression, pelvic distraction, Gaenslen test, Thigh 
Thrust, and Faber (or Patrick’s) test. In addition, these clinical 
tests were applied to both SIJs of a population of individuals 
without history of LBP (control group, 64 SIJs in 32 patients). 
Results: Within the investigated cohort, the PSIS distraction test 
showed a sensitivity of 100 % and a specificity of 89 % for SIJ 
pathology. The accuracy of the test was 94 %, the positive 
predictive value (PPV) was 90 % and the negative predictive 
value (NPV) was 100 %. Pelvic compression, pelvic distraction, 
Gaenslen test, Thigh Thrust, and Faber test were associated with 
a good specificity (> 90 %) but a poor sensitivity (< 35 %). 
Conclusions: Within our population of patients with confirmed 
SIJ arthropathy the PSIS distraction test was found to be of high 
sensitivity, specificity and accuracy. In contrast, common clinical 
tests showed a poor sensitivity. The PSIS distraction test seems to 
be an easy-to-perform and clinically valuable test for SIJ 
arthropathy. 
 
Fig.1 

 
 
V 5 
Influence of a minimal invasive spinal intervention on the 
stade of pain chronification using the example of 
radiofrequency ablation of the lumbar facett joints 
*M. Breitenfelder1, M. Klatt1, J. Stöve1 

1St. Marienkrankenhaus, Orthopädie, Ludwigshafen am Rhein 
 
Introduction: Radiofrequency-Facett joint Ablation (RF-A) is a 
minimal invasive option to control degenerative low back pain. 
With review of literature the intervention is successful in 
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reduction of pain in 50-70% for a duration of up to three years. 
Indication is mostly wide spread, thus patients with severe pain 
chronification are also included if the previous test infiltration 
was successful. There is the question if this minimal invasive 
spinal intervention has a long lasting effect on the grade of the 
patients chronification process. 
Material/Methods: 40 of 73 patients in whom a RF-A due to 
symptomatic lumbar spondylarthritis in between 1/2008 to 
12/2010 was done, retrospectively were explored concerning 
their pain chronification (Gerbershagen). Follow up (F/U) time 
was from 6 to 42 months. For evaluation the Mainz Pain Staging 
System (MPSS) was used. To document the therapeutical success 
VAS was documented. An improvement was assumed if VAS 
score decreased in minimum one point after the intervention. 
Mean age of patients was 65. Ratio men to women was 2:3. 
Results: From the whole group (n=73)12 pat. preinterventionally 
showed up a stade I of pain chronification and took all a benefit 
from the RF-A in F/U of 6 months (p=0,0005). After 2 years 6 of 
8 pat. (75%) reported still an improvement (p=0,0313). In 26 of 
73 preinterventionally a stade II could be found. After the 
intervention an improvement of pain could be seen in F/U of 6 
months in 20 (73%) (p<0,0001). 2 years after intervention 9 out 
of 17 (53%) reported an improvement of the VAS (p=0,0127). 
Also in stade III of chronification (35 of 73 pat.) in F/U of 6 
months 25 of 35 pat. (71%) reported less pain (p=0,0015). In the 
2 years F/U only 5 of 26 pat. still reported an improvement of the 
VAS (p=0,5703). 
Conclusion: The results of RF-A seems to be best if there is only 
low grade of pain chronification (stade I), where long lasting 
relief of up to two years could be observed. The more the 
chronification the less RF-A seems to be successful. There is 
maybe danger of deteriorating chronification from stade II up to 
III due to the intervention. For a successful indication not only 
the result of test infiltration but also the grade of chronification 
seems to be important. This should be evaluated before an 
intervention. It could be shown that the result of a minimal 
invasive spinal intervention is depending on the severity of 
chronification and that it is more successful in early stades of the 
cascade of pain chronification. 
 
V 6 
How Does Anterior Cervical Spine Surgery Change Human 
Voice? 
*J. Griffel1, T. Pitzen2, K. Richter2,1, M. Ruf2, S. Stanschus2,3 

1Universität Bielefeld, Klinische Linguistik, Bielefeld, 2Klinikum 
Karlsbad, ZWOT, Karlsbad, 3Johann Wolfgang Goethe 
Universität Frankfurt, Phoniatrie und Pädaudiologie, Frankfurt 
 
Intoduction: Dysphonia following anterior cervical spine 
surgery is usually described as “hoarseness”. However, 
dysphonia includes more aspects than classic hoarseness. 
The aim of the studywas to analyse, what aspects of the human 
voice are impaired by anterior cervical spine surgery and to 
determine which aspects of the procedure are responsible for 
impairment. 
We hypothesised, that  
- Aerodynamic, acoustic and perceptive factors are impaired 

by anterior cervical spine surgery, 
-  highest frequency of the patients voice is reduced especially 

if level C3/4 is invoved in the surgical procedure 
-  patients` self-assessment is impaired. 
Methods: Prospective, non controlled study, approved by the 
local ethic committee. 12 patienten (7 male, 5 female, mea nage 
53 yrs) were checked before and after surgery. 6 underwent 
anterior cervical discectomy and fusion (ACDF), 6 underwent 
anterior cervical corporectomy and fusion (ACCF). The approach 
was left sided in each of the patients. Digitised voice check was 
performed the day before and 3 days after surgery and evaluated 
with respect to maximum phonation time, voice perturbation 
measurements Jitter, fundamental frequency, minimal and 

maximal frequency, hoarseness). A patient self-assessment was 
done using a standardized self questionary 1 day before and 6 
weeks after surgery. Statistics was performed using SPSS 
software package, significance was assumed for p < 0.05. 
Results: We did not detect significant differences preop versus 
(vs) postop for maximum phonation time (17,1 sec vs 16,4; p = 
0,24), voice perturbation measurement Jitter ( 0,48 % vs 0,87 %; 
p = 0,12), fundamental frequency (137 Hz vs 136 Hz; p = 0,43) 
and minimal (110 Hz vs 111 Hz; p = 0,41). 
Degree of hoarseness increased significantly after surgery (p = 
0,033). Moreover, highest frequency was impaired significantly 
(407 Hz vs 327 Hz; p = 0,006). This was even more pronounced 
(reduction by 112 Hz) if the segment C3/C4 (6/12 patients) was 
included within the surgical procedure. 
Patients self-assessment questionary was only completed in 7/12 
patients. Among these, 2/7 patients claimed for permanent voice 
impairement even 6 weeks after surgery. 
Conclusion: Significant differences for maximum phonation 
time, voice perturbation measurement Jitter, fundamental 
frequency, and minimal frequency were not detected here. 
Degree of hoarseness increased significantly after anterior 
cervical spine surgery as well as highest frequency and especially 
if the level C3/4 is involved. One third of the patients said, that 
the voice is impaired 6 weeks after surgery. It is recommended to 
inform candidates for anterior cervical spine surgery about these 
results. 
 
V 7 
Long- term results of total disc replacement in the cervical 
spine: a prospective clinical and X-ray investigation with at 
least 5 year follow-up 
*F. Heider1, B. Zillner1, A. Korge1, C. Siepe1, H.M. Mayer1, 
C. Mehren1 

1Schön Klinik München Harlaching, Wirbelsäulenzentrum, 
München 
  
Introduction: In attempt to avoid previously published and 
fusion-related negative side effects, motion perserving 
technologies such as cervical artificial disc replacement (C-ADR) 
have been introduced for the treatment of degenerative conditions 
of the cervical spine. Several trials regarding short- and mid- 
term 2 - 4 years) follow-up (FU) after C-ADR have been 
published. However, the number of C-ADR patients with long- 
term FU for more than 4 years is still scarce. The aim of this 
current analysis was therefore to evaluate the long- term clinical 
results and efficacy, the radiographic findings as well as the 
safety outcomes in a cohort of C-ADR patients treated with 
ProDisc C (Synthes, Paoli, USA) at least 5 years after surgery. 
Material/Methods: Clinical outcome scores Visual Analogue 
Scale (VAS), Neck Disability Index (NDI), and patient 
satisfaction rates were acquired within the framework of an 
ongoing prospective non randomised clinical trial. The patient`s 
employment status, complications, reoperations including 
symptomatic adjacent segment disease (ASD) were recorded. X-
ray evaluation included the incidence of heterotopic ossifications 
(HO) as well as the rates and timing of ASD. 
Results: The initial cohort consisted of 45 patients. 38 patients 
were available for final FU, resembling a 84,4% FU rate after a 
mean FU of 5,5 years (range 4,8 - 7,6 years). The overall results 
revealed a highly significant improvement from baseline VAS 
and NDI levels at all postoperative FU stages (p<0,0001). VAS 
scores demonstrated a statistically significant improvement (VAS 
neck 6,3 to 1,8; VAS arm 7,3 to 3,2). As well the NDI baseline 
showed a stable improvement (20,5/50 to 7,9/50). Patient 
satisfaction rates remained stable throughout the entire 
postoperative course, with 82,9% of patients reporting a `highly 
statisfactory`or a `satisfactory outcome`(9,6%). 89,7% of the 
patient returned to work without any constrictions. The remaining 
10,3% of the patient returned with reduced hours of work. The 
radiographic results demonstrated a large incidence of HO as 
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well as statistically significant progression of the HO in process 
of time. HO Grade I appeared in 17,3%, Grade II in 21,2%, 
Grade III in 28,9%, and Grade IV in 15,3%. The overall 
complication rate (excluding HO) was 13,3%. The incidence of 
revision surgery for device related complications was 2,2%. The 
incidence of adjacent-level surgery due to symptomatic clinical 
and radiological ASD was 4,4%. 
Conclusion: The results demonstrate that C-ADR is a viable 
treatment option resulting in improved clinical outcomes, 
maintenance of normal segmental motion, and low rates of 
subsequent surgical procedures. As well, we can see a slight 
progression of HO in process of time. However, increasing stages 
of HO did not negatively impact on the outcome following C-
ADR. For the future, possibilities to preserve HO should be from 
maximum interest, otherwise, C-ADR could be an expensive 
fusion procedure. Therefore, more studies with long- term FU are 
warranted. 
 
V 8 
Fusion characteristics in ACDF with partially titanium-
coated PEEK cages 
*A. Kotsias1, S. Mularski2,3, M. Cabraja3, T. Kombos3,4, 
O. Süss2,3 

1Klinikum Bad Saarow, Klinik für Traumatologie und 
Orthopädie, Bad Saarow, 2DRK Kliniken Westend, Zentrum für 
Wirbelsäulenchirurgie und Neurotraumatologie, Berlin, 3Charité-
Universitätsmedizin Berlin, CBF, Neurochirurgische Klinik, 
Berlin, 4Klinikum Hildesheim, Wirbelsäulen-/Neurochirurgie, 
Hildesheim 
 
Introduction: Anterior cervical discectomy and fusion (ACDF) 
is a standard surgical procedure for degenerative disc disease. 
Various materials for the intercorporal fusion (e.g. bone graft, 
PMMA and spacer cages) have been developed and reviewed. 
Current studies report favorable clinical result for the use of 
Polyetheretherketone (PEEK) implants, although fusion seems to 
be significantly delayed, compared to data from e.g. titanium 
cages - suggesting a different biological type of ingrowth. In a 
prospective multicenter trial design, fusion and subsidence rates 
as well as clinical outcome in ACDF with a) standard PEEK-
cages and b) identically designed tiPEEK-spacers with a partial 
titanium coating were investigated. We hypothesized improved 
fusion rates in the tiPEEK group while keeping the low 
subsidence rates of standard PEEK spacers.  
Material/Methods: Between 07/2009 and 07/2011 seventy-eight 
patients with single level degenerative disc disease were enrolled 
for single-level ACDF. 50 PEEK and 28 tiPEEK spacers (Shell 
cage, +/- titanium coating (50-150 microns) at their upper and 
lower contact surfaces; AMT/Medtronic) were implanted in 
stand-alone technique without additional plating. Radiological 
follow-up after 6, 12 and 18 months included conventional and 
functional X-ray. Clinical evaluation included VAS, NDI, Denis 
Pain Scale, JOA and Odom scores. Fusion was assessed using an 
established multimodal 7-point grading score (Controlled Trials 
No.: ISRCTN42774128), differentiating “solid fusion”, 
“semirigid pseudarthrosis” and “non fusion”.  
Results: 78 patient records were finally evaluated after 18 
months of follow-up (exclusion/lost for follow-up rate: 0%). 
After 18 months, definitely solid fusion was seen in 84.0% of the 
PEEK implants and in 78.5% of the tiPEEK implants 
(respectively: 40.0% vs. 50.0% after 6mo, and 72.0% vs. 75.0% 
after 12mo). Mean subsidence rates were: PEEK = 1.10mm/6mo 
vs. tiPEEK = 1.18mm/6Mo, resp. 1.38mm/12mo vs. 
1.39mm/12mo and 1.76/mm18mo vs. 1.57mm/12mo. Better 
fusion rates correlated significantly with lower subsidence rates 
(r= -0.35, p<0.01). Age >60yrs correlated with higher subsidence 
rates (r=0.24, p<0.05). All clinical scores improved gradually, 
showing no statistical significance between both groups (VAS 
p=0.687, DPS p=0.837, NDI p=0.850, Odom p=0.904). Good 

fusion rates correlated significantly with a good clinical outcome 
(p<0,05). 
Conclusion: PEEK is a semi-crystalline polyaromatic linear 
polymer with excellent biological inertness, radiolucency and an 
elastic modulus that comes close to those of mixed bone (3,5 
kN/mm2) - resulting in only modest subsidence, what was not 
affected negatively by the ultrathin titanium coating. There was 
no significant difference in the clinical outcome between both 
groups. However, rejecting our hypothesis, titanium coating at 
the bearing surface (PEEK/vertebra contact interface) did not 
result in any improvement neither in fusion pace nor rate. Our 
data suggest, that endplate/interface coating alone does not 
improve fusion. Biological immune response to the remaining 
uncovered PEEK at the lateral and inner cage surface may be a 
reason. Therefore, fully coated implants should be tested next. 
 
Fig. 1 
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V 9 
Infection rate after transoral approach for the upper cervical 
spine 
*A. Mosafer1, *M. Shousha1, H. Böhm1 

1Zentralklinik Bad Berka, Wirbelsäulenchirurgie, Bad Berka 
 
Introduction: The upper cervical spine is classically approached 
from anterior via the transoral-transpharyngeal approach. 
However, this is still not in common use due to concerns about 
exposure and infection. The purpose of this study is to analyse 
the incidence and risk factors of local infection after transoral 
approach for lesions in the upper cervical spine. 
Material and Methods: In the time between 1994 and 2012, the 
transoral approach to the upper cervical spine has been used in 
139 patients in our institution. The clinical and radiological data 
of these patients were retrospectively analysed. The mean age at 
presentation was 53.6 years (range: 5 to 87 years), and more than 
half of the patients were males (58.3%). The majority of cases 
were suffering from rheumatic diseases (43.9%), while tumour 
destruction was the indication for surgery in 23.7% of the cases. 
23% had fracture of the upper cervical spine and spondylitis was 
found in 7 patients (5%). The technique applied involved an 
anterior transoral approach without tracheotomy using a flexible 
oral endotracheal tube. Exposure was obtained using a self-
retaining mouth retractor by means of a midline incision of the 
posterior wall of the pharynx. In no case was it necessary to 
divide the mandible, tongue, soft palate, or uvula. The most 
common procedure was dens resection (58.3%), and a metal 
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implant was used in 47 cases (33.8%), mostly in cases with 
tumours and fractures. The mean follow-up period was 4.5 years. 
Results: Analysis of the records revealed that 16/139 patients 
(11.5%) underwent a second transoral surgery. Three cases 
underwent a planned removal of implant after fracture union. In 
the remaining 13 /139 patients (9.35%), the second transoral 
surgery was due to a complication. In seven patients (5%), the 
revision was due to a mechanical or neurological insult in the 
early postoperative period with immediate good results. One 
patient with plasmacytoma C2 presented with recurrence and 
extrusion of the implanted cage one year postoperatively 
necessitating plastic coverage of the pharyngeal wall. In the 
remaining five patients (3.59%), infection of the pharyngeal 
wound did occur. The risk factors and management of this art of 
complication were evaluated. 
Discussion and conclusion: The incidence of postoperative 
infection after transoral surgery in this series was 3.59%. Age 
and gender were not statistically significant risk factors for 
infection. No postoperative infection occurred in patients 
presenting with spondylitis. Infection occurred exclusively in 
rheumatic and tumour cases. The presentation was mostly in the 
first three months. A single patient with cage reconstruction after 
giant cell tumour C2 presented with a late infection five years 
postoperatively. Debridement and primary closure was possible 
in two patients, while flap coverage of the pharyngeal wall was 
necessary in three patients. The presence of implant did not have 
a statistically significant effect on the occurrence of infection. 
However, infection in the presence of titanium cage mostly 
necessitated flap coverage of the pharyngeal wall after removal 
of the cage. 
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Introduction: In order to stabilize the atlantoaxial complex, 
posterior transarticular screw stabilization according to Magerl 
and internal fixation according to Harms have been established. 
For more complex anatomy the alternatives are: intralaminar 
screw placement in C2 (Wright), a pars interarticularis in C2, and 
an anterior transarticular screw are possible. The socalled pars 
screw in an internal fixator stabilization, the C2 screw is inserted 
in the same trajectory as in the Magerl technique; the screw ends, 
however, still within the Axis to preserve the facet joint C1 C2. 
In this study, the pars screw technique should be compared to the 
alternative methods Harms technique, intralaminar screw and 
anterior transarticular screw in a 3D stiffness model. 
Methods: 8 human C1-C2-specimens were examined in an 
established 3D-spine simulator. They were divided into two 
similar groups according to bone mineral density, gender and 
age. The primary outcome variable was the range of motion 
(ROM) under a torsional load of 1.5 Nm, the load gradually 
applied in cases of flexion, extension, rotation and lateral 
bending. The ROM was measured with an optical motion 
analysis system (accuracy <0.1 °). After testing in the native 
state, a atlantoaxial stabilization was performed in 4 techniques: 
internal fixation (FI) by HARMS, FI with intralaminar screw in 
C2 (IL), FI with pars articularis screw (PARS), and anterior 
transarticular screw (ATA). The order of the various 
interventions was randomized. Statistical analysis was performed 
using a rmANOVA (SPSS 18.0). 
Results: In flexion/extension, the mean ROM was for native 
spine 15.9°, HARMS 3.6°, IL 5.5°, PARS 2.8° and ATA 3.7°. 
The differences were not significant. Compared to the native 

spine, all techniques reduced ROM significantly (p<0.05). 
Significant differences between the techniques were not found. 
In lateral bending, ROM was in native configuration 3.2°, 
HARMS 1.4°, IL 2.5°, PARS 1.3° and ATA 0.9°. There were no 
significant differences to the native spine. However, ATA 
(p=0.088) and PARS (p=0.054) showed a strong tendency. IL 
had a significant higher ROM than ATA (p<0.05). 
In axial rotation, the ROM was 15.7° for the native segment; 
HARMS 1.5°, IL 2.7°; PARS 1.7° and ATA 1.1°. Compared to 
the native spine, all techniques were able to reduce ROM 
significantly (all p <0.05). There was no difference between the 
different techniques. 
Conclusion: In vitro, screw positioning in atlantoaxial 
stabilisation, appears to only have a small influence on the 
overall stability of the construct. From a biomechanical point of 
view, all methods are equally suitable to stabilize the atlantoaxial 
complex, therefore, biomechanical considerations are less 
important than the anatomical conditions (eg aberrant vertebral 
artery).  
 
Fig. 1 
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Introduction: For atlantoaxial fusion, the dorsal C1/2 
stabilisation in Harms technique is often used. For achieving a 
sufficient fusion it is already well known that the use of grafts is 
indispensible. Literature shows a fusion rate of nearly 100% for 
bone grafting with iliac crest autograft in larger series. 
Alloplastic fusion material appears as a potential alternative. 
Accordingly, we already described our preliminary experience 
with both materials a few years ago in a small cohort. Now, we 
present our final assessment in a large cohort of patients. 
Patients and Methods: 83 patients treated at our institution since 
May 2006 were included. Screw position and 
reduction/realignment were assessed by postoperative thin-cut 
CT scans. For follow up, radiographic data and the clinical status 
were collected. Material failure was excluded by radiographic 
parameters like screw loosening, dislocation, or fracture and by 
clinical status. 
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Results: A total of 83 (35 females and 48 males) patients 
requiring atlantoaxial stabilisation for instabilities were included. 
Mean age was 65 years (range 4 - 92 years). 55 patients were 
operated for traumatic, nine for neoplastic, three for infectious, 
nine for degenerative, and seven for congenital instabilities, 
respectively. No neurological or vascular injuries occurred. 16 
patients were treated with a bicortical iliac crest allograft and 67 
with an alloplastic implant (36 ß-Tricalcium-phosphat 
(chronOS®), 31 Hydroxylapatit (Actifuse®)). After a mean 
follow-up period of 13 months (range 1-41) our follow-up rate 
was 75 % (62 of 83). 11 patients treated with autologous bone 
were available for the follow up examination (69%). From these 
11 patients, 10 had already a radiographic and clinical fusion 
(91%). Only one Patient had a recurrent neckpain as a sign for 
non-fusion without radiological findings. In the group of patients 
treated with an alloplastic implant, we also achieved a fusion rate 
of 90%. Five patients had radiographic (screw loosening or 
pullout) as well as clinical signs of non-fusion. 51 of all 67 
patients with alloplastic implant were available for follow up 
(76%). 
Conclusion: According to our results, alloplastic fusion material 
in combination with a Harms instrumentation of C1/2 provides 
comparable clinical and radiological results to the gold standard, 
i.e. iliac crest autograft. Limitations of this study are primarily 
due to its retrospective nature and the drop-out ratio during 
follow-up. 
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Introduction: Numerous classifications for subaxial spinal 
fractures currently exist. The majority were developed 
retrospectively and had a low reliability. An international 
classification group was established to develop a comprehensive 
and methodological validated classification system for subaxial 
spinal fractures. 
Material/Methods: A group consisting of 5 experts from 3 
continents summarised, revised and restructured the modified 
subaxial Magerl classification following a methodological 
established pathway (1). An epidemiologist was involved in the 
validation process.. Sixty eight radiological cases (sourced from 
Dicom data consisting of CT-scans and radiographs) were 
classified in 4 validation periods. The classification was 
continuously revised following the results of each validation. The 
accuracy and reliability of the developed classification system 
were statistically analyzed (Latent Class Analysis). 
Results: The A-B-C classification based on the mechanism of 
injury was preserved. A-type injuries involve failure of the 
anterior vertebral elements under axial compression. B-type 
injuries involve damage of the posterior osteoligamentous 
complex.. C-type torsion injuries involve a combination of both 
the anterior and posterior elements resulting in dislocation. 9 
subgroups were defined: A1-wedge/impression fracture, A2-
split/pincer fracture, A3-incomplete burst fracture, A4-complete 
burst fracture, B1-unilateral facet fracture, B2-all other 
osteoligamentous posterior injuries, C1-hyperextension, C2-
translation and C3-separation. Differentiation among the main 
groups showed moderate to high Kappa values: type A - 0.61; 
type B - 0.65; type C - 0.73. The overall reliability of the 
classification system was moderate to high, with a Kappa value 
of 0.67. Complete burst fractures (A4) could be well 

distinguished from other A-injuries (Kappa 0.7). Differentiation 
among the subgroups of C-type injuries was excellent (Kappa 
0.89-1.0). In contrast, differentiation among the subgroups of B-
type injuries was low (Kappa 0.43). The Latent Class Analysis 
revealed typical coding patterns of the group members which 
were used to specify the definitions of the subgroups. 
Conclusion: The utilized validation process based on recurrent 
evaluations of expert opinions is methodologically suitable to 
develop a scientifically valid classification. The resulting Kappa-
values are moderate to excellent. The reliability is superior to that 
of other classification systems. The proposed classification 
simplifies the Magerl/Blauth classification and may be further 
revised by a larger group of experts..  
Literature: 1-Audige L, Bhandari M, Hanson B, Kellam J. A 
concept for the validation of fracture classifications. J Orthop 
Trauma 2005;19:404-409 
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Objective: Increasing life expectancies lead to an 
unproportionally high number of patients well beyond 80 years of 
age. Octo- and nonagenarians therefore pose an increasing 
challenge to today´s surgeons. In this retrospective cohort study 
neurological outcome and surgery related as well as perioperative 
medical complications after dorsal C1/C2 fixation for traumatic 
odontoid fractures were assessed with regard to medical 
comorbidities in this patient group. 
Methods: Between April 2008 and May 2013 a total of 37 pats. 
(12 m /25 f, mean age 87 yrs, range 80-94 yrs) received dorsal 
C1/C2 fixation for traumatic odontoid fractures. Age at surgery, 
neurological status (pre/postop), relevant medical comorbidities, 
intra- and perioperative complications (surgery related/medical), 
duration of surgery, length of hospital stay and rate of revision 
surgeries were assessed.  
Results: All 37 pats. received dorsal C1/C2 Harms 
instrumentation with posterolateral fusion (29 Anderson and 
D´Alonzo type II (5 of them combined with C1 fractures), 5 type 
III and 3 atypical odontoid fractures). 27 (73%) pats. were treated 
for acute odontoid fractures. 10 (27%) pats. had failed previous 
conservative treatment with pseudarthrosis formation and / or 
persistent nuchalgias (mean 3.7 ± 5.5 months; range 0.75 - 18). 
Mean follow up time was 10.5 ± 12 months (0.5 - 57). 8 pats. 
deceased 0.5 - 15 months after surgery (mean 5.2 ± 5.3) due to 
medical causes. 8 pats. were lost to FU. Mean duration of surgery 
was 120 ± 34 min (56-197). Mean length of hospital stay was 15 
± 10 days (4 - 56). 
All pats. (100%) had at least 1 relevant medical disorder (mean 3 
± 2; 1 - 7). 6 (16%) pats. experienced 10 preoperative 
complications (1 neurological deterioration, 2 urosepsis, 2 upper 
GI-bleedings, 1 spine fracture, 1 renal failure, 1 aspiration 
pneumonia, 1 pleural effusion, 1 incarcerated femoral hernia). 5 
intraoperative complications were seen in 4 (11%) pats.: 4 
intraop screw revisions, 1 NSTEMI due to massive blood loss 
and necessity of blood transfusions. 
Revision surgeries were necessary in 3 (8%) pats.: 1 superficial 
wound infection, 2 screw malpositions. 
31 Postoperative medical complication were reported in 21 
(57%) pats.: pneumonia (10), pulmonary effusion / dyspnoe (7), 
urinary tract infections / urosepsis /renal failure (6) but also 
cardiac (2) and other medical problems (6). 5 (14%) pats. had 
preoperative neurological deficits of whom 1 (3%) improved, 4 
(11%) were unchanged postoperatively. There were no new 
neurological deficits or neurovascular lesion. 8 (22%) pats. 
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needed 10 ICU treatments (mean 2 ± 4 d, range 1-13). 1/8 pat. 
needed presurgical ICU treatment for 5 days due to an upper GI-
bleeding with hemorrhagic shock and aspiration pneumonia 
caused by massive dysphagia. 3/8 pats. had postoperative ICU 
monitoring for 1-2 days after surgery: for dementia (2) and 
hypothermia (1). 4/8 had prolonged ICU stays (7 - 13 d) for 
pneumonia (3), pleural effusion (1), intraoperative hemorrhagic 
shock with NSTEMI (1) and unclear impaired consciousness (1). 
There was no mortality during the hospital stay. 
Conclusion: Surgery for odontoid fractures in this very elderly 
patient group was associated with a high rate of severe 
perioperative medical complications with necessity of ICU 
treatment in 1/5 of the patients and a prolonged hospitalization. 
Surgery related complications were relatively low and acceptable. 
No postoperative deterioration of neurological status and no new 
postop neurological deficit or neurovascular lesion was detected. 
Speedy surgical therapy and close monitoring with aggressive 
perioperative medical management are essential to reduce the risk 
of severe perioperative adverse events in this specific patient 
group. 
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Introduction: In selected indications (e.g. osteoporosis) 
augmentation of pedicle screws is recommended. Generally, 
there are two techniques for pedicle screw augmentation: 
inserting the screw in the non cured cement and in-situ-
augmentation with cannulated fenestrated screws, which can be 
applied percutaneously. Most of the published studies used an 
axial pull out test for evaluation of the pedicle screw anchorage. 
However, the loading and the failure mode of pullout tests does 
not simulate the cranio-caudal in vivo loading and failure 
mechanism of pedicle screws. The purpose of the study was to 
investigate pedicle screw loosening under physiological cyclic 
cranio-caudal loading. First the effect of screw augmentation was 
compared to the traditional unaugmented control and in a second 
part the pedicle screw anchoring of two different cementing 
techniques was investigated. 
Material and Methods: Each of the two test groups consisted of 
15 vertebral bodies (L1 to L5, three of each level per group). 
Mean age was 84.33 years (SD 7.77) for group 1 and 77.00 years 
(SD 7.00) for group 2. Mean BMD was 53.32 mg/ccm (SD 
14.07) for group 1 and 53.15 mg/ccm (SD 4.32) for group 2. For 
all augmentation techniques 1.5 ml high viscosity PMMA bone 
cement was used. For test group 1, right pedicles were 
instrumented with solid pedicle screws in standard fashion 
without augmentation and served as control group (Rnc). Left 
pedicles were instrumented with cannulated screws and 
augmented (Lcm). For test group 2 left pedicles were 
instrumented with cannulated fenestrated screws and in-situ 
augmented (Lfc). Right side pedicle screws were augmented with 
cement first technique (Rsc). Each screw was subjected to a 
cranio-caudal cyclic load starting at 20 to 50 N with increasing 
upper load magnitude of 0.1 N per cycle (1 Hz) for a maximum 
of 5000 cycles or until total failure. After testing stress X-rays 
were taken to evaluate screw loosening. 
Results: Test group 1 showed a significant higher number of 
load cycles until failure for augmented screws compared to the 
control (4030 cycles, SD 827.82 vs. 1893.33 cycles, SD 1032.14; 
p<0,001). Stress X-rays revealed significant less screw toggling 
for the augmented screws (5.17°, SD 5.41 vs. 16.14°, SD 5.94; 
p<0,001). Test group 2 showed 3653.33 (SD 933.98) and 
3723.33 (SD 560.57) load cycles until failure for in situ and 
cement first augmentation. Stress X-rays revealed a screw 

toggling of 5.05 (SD 1.94) and 6.62 (SD 4.64) degrees for in situ 
and cement first augmentation techniques. None of the 
differences between the cementing techniques were statistically 
significant (p>0.05). 
Conclusion: Augmentation of pedicle screws significantly 
increased the number of load cycles and failure load compared to 
the nonaugmented control group. By the cranio caudal cyclic 
loading of the pedicle screws failure of the pedicle screws 
occurred by screw cut through the superior endplate and the 
typical “windshield-wiper effect”, typically observed in clinical 
practice, could be reproduced. The augmentation technique had 
no effect on the failure of the pedicle screws. 
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Introduction: The temporal course of loads on a vertebral body 
replacement (VBR) in the first postoperative years is still 
unknown, however, essential for the understanding of the healing 
process. It is generally assumed that the force acting on the 
implant will decrease with increasing postoperative time due to 
the bony fusion of adjacent vertebrae. In a long-term study, the 
temporal course of forces on the VBR were measured for the first 
time to receive in vivo acting forces during and after the healing 
phase. 
Methods: Five patients (WP1 to WP5) with an A3 type fracture 
of a lumbar vertebral body (4x L1 and 1x L3) were first 
stabilized from posterior with a spinal fixation device. In a 
second surgery, parts of the fractured vertebral body and of the 
adjacent discs were removed. An instrumented VBR [1] was 
integrated into the defect space and autologous bone material was 
added to enhance fusion between the adjacent vertebrae. The 
instrumented VBR allows timely unlimited measurements of the 
6 load components. From the 3 force components, the resultant 
force on the implant was calculated. The loads while standing 
and during walking were measured in overall 97 measuring 
sessions over a period of up to 65 months postoperatively. 
Results: A temporal course of consistently decreasing implant 
forces, which was expected during fusion process, could not be 
detected for the 5 patients (Fig. 1). Changes in maximum implant 
forces in the course of time for walking were similar for the 
various patients, but the magnitude was on average 40% higher 
than for standing. 
Conclusions: VBR loads are affected by local factors (fusion, 
pedicle screw loosening, implant subsidence, bone atrophy) and 
global factors (body weight, change of center of gravity of upper 
body). In 3 patients (WP1 to WP3), implant forces continuously 
decreased by at least 120 N within a time period of 6 - 9 months. 
During this time, bony fusion probably occurred, since bony 
fusion is typically accompanied by a force decrease over several 
months. Loosening of a pedicle screw usually leads to an increase 
in the VBR forces. However, if the fixator is pre-stressed, screw 
loosening reduces VBR forces. Screw loosening was found in 
patient WP3 prior to the 11th postoperative month. New posterior 
instrumentation resulted in a strong force increase. Subsidence of 
the VBR reduces the implant loads. This usually happens within 
a short period of time. In patients WP3 and WP5, the VBR was 
obviously subsided within the first 2 months. Atrophy of the bone 
not removed during surgery increases VBR forces. The force 
increase in the first few months in patient WP2 can be explained 
thereby. The global factor body weight varied less than 10% 
within the measuring period for the various patients. Thus, this 
variation can only partly explain the large load changes in the 
postoperative time. An increase of the thoracic kyphosis angle 
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leads to an anterior shift of the center of gravity and thus to a 
spinal load increase. The continuous VBR load increase in 
patient WP1 after about 1 year is probably caused by changes in 
the kyphosis angle. Rasterstereographic measurements of the 
back shape of this patient about 2 and 5 years postoperatively 
revealed an increase of the kyphosis angle by 12°. In conclusion, 
the temporal course of the resultant VBR force varied strongly 
from patient to patient. How the loads are distributed between the 
2 implants, the added bone material, and the non-removed bone 
can vary individually. 
References 
[1] Rohlmann et al. (2007) Med Eng Phys 29: 580-585. 
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Introduction: The prevalence of osteoporotic fractures is 
continuously on the rise. The adequate treatment of the 
predominantly geriatric patients is quite challenging. 
Osteoporosis can either be the cause of thoracolumbar fractures 
(non-traumatic fracture) or act as acontributing factor in 
traumatic fractures (traumatic fracture). No commonly accepted 
classification for osteoporotic fracturescurrently exists. The goal 
of the “Osteoporotic Fracture” working group (spinedivision of 
the DGOU) was to develop a classification system and a score to 
aid for therapeutic decision making process for patients with 
osteoporotic thoracolumbar fractures. 
Material/Methods: The development of both the classification 
and the score followed an established methodological established 
pathway (1). Extensive literature research followed byin-
depthdiscussionsin expert roundsin 9 consecutive sessionsof 
expert meetingsresulted in the proposed classification and scoring 
systems. Between the sessions the classification and the score 
were applied by the group members in daily practice. The 
radiological and clinical data of 707 consecutive patients were 
subsequently collected and evaluated. 
Results: The OF-classification consists of6 groups: OF 0 - 
Vertebral fracture in situ (edema in MRI STIR-sequence); OF 1 - 
Fracture of one endplate; OF 2 - Fracture of one endplate with 
minor involvement of the posterior wall; OF 3 - Fracture of one 

endplate with pronounced involvement of the posterior wall; OF 
4 - Fracture of both endplates; OF 5 - Injuries with distraction or 
rotation. The OF-classification was applicable in 73% of 
allclinicalcases and the reliability was higher in comparison to 
the Magerl/AO-classification. The OF-score contains the 
following parameters: fracture morphology (OF-classification), 
bone density, potential sintering of the fracture, pain, 
neurological deficit, potential mobilisation, and general health 
status of the patient (ASA grading), respectively. According to 
the OF-score, 29% of patients should have received conservative 
treatment and 49% surgical treatment, 
respectively.Thefinalchoicetreatment in the participating clinics 
correlated in 85%of caseswith the OF-score. 
Conclusion: The OF-classification consists of only 6 subgroups 
and is easy to use. In comparison to the Magerl/AO-
classification, the OF-classification provides a superior 
differentiation of the fracture morphologies. The OF-score takes 
the clinical status of the predominantly geriatric patients into 
account to aid the decision making process in order to find 
adequate therapeutic strategies. The generated treatment 
recommendations are in high accordance to the actual treatment 
strategies of highly specialized clinical centers. Further extensive 
evaluation and validation of both the OF-classification and the 
OF-score are necessary. 
Literature: 1-Audige L, Bhandari M, Hanson B, Kellam J. A 
concept for the validation of fracture classifications. J Orthop 
Trauma 2005;19:404-409 
 
V 17 
Comparison of minimally invasive versus conventional open 
posterior transpedicular instrumentation for unstable 
thoracolumbar spine fractures - results of a prospective 
monocentric trial 
*T.M. Heintel1, A. Berglehner1, R.H. Meffert1 

1Universitätsklinikum Würzburg, Klinik und Poliklinik für 
Unfall-, Hand-, Plastische und Wiederherstellungschirurgie, 
Würzburg 
  
Introduction: The treatment of traumatic thoracolumbar spine 
fractures is still controversial. Transpedicular instrumentation 
using an angle stable pedicel screw-rod-system is still the method 
of choice. Meanwhile, percutaneous pedicle instrumentation 
systems compete with the traditional open posterior procedure. 
The aim of this prospective study was to evaluate the rate of 
complications, restoration of the sagittal profile and loss of 
correction in both the minimally invasive and the traditional open 
technique in a series of over 700 instrumented spinal lesions. 
Material/Methods: Between January 2005 and December 2012 
all patients treated by posterior transpedicular instrumentation for 
thoracic or lumbar spinal injuries which were included in a 
prospective study. The posterior instrumentation was performed 
either in minimally invasive or traditional open technique. 
Restoration of the sagittal profile and loss of correction were 
measured using a pre- and postoperative computed tomography 
and series of radiographs in the upright position. The mono- 
and/or bisegmental superior-inferior endplate angle was 
determined in each image. 
Results: Between January 2005 and December 2012 a total of 
661 patients (275 ♀, 386 ♂) with 710 instrumented lesions of the 
thoracolumbar spine have been included in this prospective 
study. The average age at the time of surgery was 45.1 ± 17.1 y 
in the group with traditional open procedure. The patients who 
underwent minimally invasive posterior instrumentation were 
significantly older (62.4 ± 17.4 y). Posterior instrumentation 
alone was performed 307 times, posterior instrumentation 
combined with balloon kyphoplasty was carried out in 176 
lesions and 227 underwent combined posterior-anterior 
stabilization. The rate of complications requiring revision was 
4.9% (35/710). The minimally invasive instrumentation had a 
significantly lower complication rate (1.9%; 5/265) than the 
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group of patients who underwent open posterior instrumentation 
(6.7%; 30/445). While 13 patients in the group with conventional 
open surgery suffered wound infections, all approaches healed 
infection-free. The revision rate of pedicle screws in the 
minimally invasive group was 0.2% (2/1124). Using the 
conventional open technique malpositioned pedicle screws had to 
be revised in 10 cases. 154 lesions, managed by minimally 
invasive posterior instrumentation, were compared with age-, 
gender-, localization-, and classification-matched controls out of 
the conventional open group. For posterior instrumentation alone, 
reposition and loss of correction (9 months after surgery) were 
found to be significantly worse in the minimally invasive group 
(reposition: 5.4° vs. 8.4°; loss of correction: 8.1° vs. 6.0°). For 
posterior instrumentation combined with balloon kyphoplasty 
(reposition: 6.4° vs. 6.2°; loss of correction: 5.5° vs. 6.3°) and the 
group of patients who underwent combined posterior-anterior 
stabilization (reposition: 9.9° vs. 11.7°; loss of correction: 5.3° 
vs. 4.6°) no significant differences were observed. 
Conclusion: Despite the higher age of the patients complication 
rate was significant lower for the minimally invasive technique. 
While reposition and loss of correction were significantly worse 
for the minimally invasive group with posterior instrumentation 
alone, no significant radiological differences were observed for 
posterior instrumentation combined with balloon kyphoplasty 
and combined posterior-anterior stabilization. 
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Spine injuries either occur as an isolated injury or in addition to 
major injuries. Therapy of spine injuries remains a medical 
challange in these patients due to additional injuries as well as the 
influence of the initial therapy on the further clinical course. 
Regarding the current literature it needs to be elucidated at which 
time point a surgical therapy should be performed. Analyzing our 
polytrauma patients treated with spine injuries we detemined the 
influence of an early (<24h) vs. late (>24h) surgery.  
All patients with spine injuries treated in our trauma center 
between January 2005 through Juli 2011 were included. Further 
inclusion criteria were admission to our trauma ICU within 24 
hours after the accident and an age ≥ 16 years. Patients with 
incomplete data were excluded. Besides injury pattern (AIS) and 
severity (ISS) as well as the further clinical course and 
complications we analyzed the influence of time of surgery on 
these parameters. 
We treated 687 polytraumatized patients in our trauma center 
during the investigated period. In 46.1% of these patients a spinal 
injury was diagnosed which was surgically treated in 14.4%. In 
51.5 of these patients a surgical therapy was performed within 24 
hours. No difference regarding sex and injury severity and 
pattern was detected. Patients treated after 24 hours were older 
than those treated after 24 hours (49.0±19.2 vs. 41.4±15.5 years; 
p=0.032). Late surgical therapy resulted in prolonged 
requirement of ventilation (441.5±391.2 vs. 241.6±262.5 h; 
p=0.004), length of ICU treatment (22.4±16.3 vs. 13.0±11.6 
Tage; p=0.002) and in-patient time (35.4±19.5 vs. 21.6±17.4 
days; p<0.001). No difference regarding incidence of SIRS, 
ARDS or MODS was found. Additionally, there was no influence 
on mortality. 
Considering the results of the present study, injury pattern and 
severity had no influence on therapeutic planning in 
polytraumatized patients with spinal injuries. Early surgical 
therapy did not result in an increased incidence of complications 

or increased mortality. Delay in surgical therapy lead to 
prolonged ICU treatment and in-patient time. 
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The local and global shape of the lumbar spine depends on 
age and gender and influences the lumbar range of motion - 
An in vivo study on 398 volunteers 
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Introduction: The individual shape of the lumbar spine is a 
predisposed factor for lumbar degenerative diseases and 
influences the success of a clinical intervention [1-3]. An 
understanding of the interplay between age and gender on the one 
hand and local and global lumbar shape and range of motion 
(RoM) on the other hand is essential for an optimised clinical 
intervention and might help to predict the success of a clinical 
intervention or conservative treatment. Previously published 
studies considered only the whole lumbar spine and showed 
controversial results. The aim of this study was, to determine the 
influence of age on the lumbar lordosis in standing and on the 
lumbar range of motion gender specifically. Furthermore, it was 
investigated, whether the individual shape of the lumbar lordosis 
influences the local and global RoM. 
Methods: The “EpionicsSpine” system allows a non-invasive 
measurement of the local and global shape of the back (segments: 
S1-S12, Fig. 1A) as well as the RoM in the sagittal plane with a 
high accuracy and reliability [4]. The system consists of two 
flexible sensor strips, which were placed in a standardised 
manner onto the back of 398 asymptomatic volunteers (Age: 20-
75; ♀/♂=214/184). A standardised motion choreography in the 
sagittal plane, which consists of maximal upper body flexion, 
extension and standing were performed and repeated up to six 
times by each volunteer. From these measurements all segmental 
lumbar lordosis angles in standing were measured and the lumbar 
RoM was determined. The impact of age on the lumbar lordosis 
in standing and on the RoM was gender specifically evaluated for 
each segment and the whole lordosis (one-way ANOVA, 
α=0.05). Furthermore, the direct relationship between the lumbar 
lordosis in standing and the resultant RoM was investigated. 
Results: ANOVA analysis showed significant relationships for 
the lumbar lordosis in standing and for the RoM. With increasing 
age the lumbar lordosis in standing is significantly reduced (Fig. 
2A). The loss of lordosis is more pronounced in women than in 
men. Furthermore, the lumbar lordosis is cranially more reduced 
than caudally (Abb. 1B). With regard to the RoM similar 
relationships were found. With increasing age the lumbar RoM is 
significantly reduced, which is more pronounced in females than 
in men. The reduction is furthermore segment specific. 
Independent from age and gender, there is a relationship between 
the lumbar lordosis in standing and the RoM. Volunteers with a 
pronounced lumbar lordosis in standing showed on average a 
bigger RoM (Fig. 2B). This relationship was also present on the 
segmental level. 
Discussion: In agreement with the majority of the literature, the 
lumbar lordosis in standing as well as the range of motion is 
gender specifically reduced with increasing age. This study 
however showed the first time a principle that the loss of lordosis 
increases from caudal to cranial. Furthermore, it was shown that 
independently from age, the amount of lordosis in standing and 
its range of motion are in relationship. These results may have 
important consequences for an individualised clinical therapy and 
prophylaxis.  
Literature: [1] Barrey et al., EurSpineJ 2007 16(9):1459-67 
[2] Strube et al., JSDT 2012 [Epub ahead of print] 
[3] Roussouly et al., Spine 2005 30(3):346-53 
[4] Taylor et al., Med Eng Phys 2010 32(9):1080-3 
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Can in vitro biomechanics explain the degeneration of 
adjacent segments? -A systematic analysis- 
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Introduction: The fusion of degenerated spinal levels is 
considered as a clinical „gold standard“ for certain conditions. In 
recent years, concerns about an accelerated degeneration of 
adjacent segments (ASD) have arisen. This promoted the use of 
motion preserving implants with the theoretical potential of 
reducing or eliminating ASD. Although in vitro biomechanical 
studies were often used to support this assumption, they often 
showed conflicting results. The goal of this study is to explain the 
biomechanical principles of in vitro tests investigating adjacent 
segment effects. Subsequently, it is discussed why they may 
cause misleading results. 
Material/Methods: A MEDLINE search was performed using 
the keywords “adjacent”, “in vitro”, and “spine”. Subsequent 
screening of the results and references led to a total of 54 studies 
included in this systematic analysis. To determine the 
characteristics of the test protocols in a standardized manner, a 
polysegmental mechanical spine with variable intersegmental 
stiffness was developed (Fig. 1). 
Results: To reveal fusion-related adjacent segment effects in 
vitro, numerous parameters such as range of motion and 
intradiscal pressure were measured in the literature. Many studies 
corroborated the potential of motion preserving devices in the 
reduction of adjacent level effects. However, some studies 
showed that fusion procedures also preserve adjacent segment 
kinematics.  
The analysis identified the test protocol (flexibility-, stiffness-, 
and hybrid testing) and the manner of load application to be the 
main factors evoking strongly conflicting results. The protocols 
mainly differ in the assumption of the patient’s postoperative 
behavior. When the flexibility protocol is used with pure 
moments, theoretically no effect on adjacent segments should be 
found for all implant technologies. With the stiffness- and hybrid 
method, hypermobility in neighboring segments compensating 
the motion loss of the treated segment are inevitable. 
Discussion: The analysis revealed that surgery-related alterations 
in adjacent segments from in vitro biomechanical studies highly 
depend on the applied test protocol. For the flexibility protocol, it 
is assumed that the patient accepts the postoperative 
confinements to avoid overloading of the spine. Therefore, no 
adjacent segment effects will be found when it is used with pure 

moments, independent of the implant technology. For the 
stiffness- and hybrid testing, it is assumed that the patient tries to 
reproduce the preoperative range of motion of the spine, forcing 
adjacent segments to compensate for the motion loss of the 
treated segment. Clinical radiographic studies show conflicting 
results regarding the postoperative behavior of patients. 
Therefore, at this time, no recommendation in favor of one of the 
three test protocols can be given. 
In conclusion, interpretation of biomechanical in vitro 
experiments investigating adjacent segment effects requires 
proper consideration of the test protocol and load application. 
Otherwise they may be misleading. 
 
Fig. 1 
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Introduction: The role of fusion of lumbar motion segments for 
the treatment of intractable low back pain (LBP) from 
degenerative disc disease (DDD) without deformities or 
instabilities remains controversially debated. Total lumbar disc 
replacement (TDR) has been used as an alternative in a highly 
selected patient cohort. However, the amount of long-term 
follow-up (FU) data on TDR is limited. The purpose of this study 
was to assess the mid and long-term clinical efficacy as well as 
patient safety of TDR within the framework of an ongoing 
prospective, single-centre clinical investigation with ProDisc II 
(Synthes, Paoli, PA) for the treatment of LBP from lumbar DDD 
that has proven unresponsive to conservative therapy. 
Materials /Methods: Clinical outcome scores Visual Analogue 
Scale (VAS), Oswestry Disability Index (ODI) and patient 
satisfaction rates were acquired within the framework of an 
ongoing prospective clinical trial.The patient´s professional 
activity / employment status, complications and reoperations 
were recorded including the elapsed time until revision surgery 
following the index procedure. A comparison was performed 
between mono and bi-segmental cases. 
Results: The initial cohort consisted of 201 patients. 181 patients 
were available for final FU, resembling a 90.0% FU rate after a 
mean FU of 7.4 years (range 5.0-10.8 years). The overall results 
revealed a highly significant improvement from baseline VAS 
and ODI levels at all postoperative FU stages (p<0.0001). VAS 
scores demonstrated a slight (VAS 2.6 to 3.3) but statistically 
significant deterioration from 48 months onward (p<0.05). 
Patient satisfaction rates remained stable throughout the entire 
postoperative course, with 63.6% of patients reporting a ´highly 
satisfactory´ or a ´satisfactory outcome´ (22.7%), whilst 13.7% of 
patients were not satisfied. The overall complication rate was 
14.4% (n=26/181). The incidence of revision surgeries for 
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general and/or device related complications was 7.2% 
(n=13/181). 2-level TDRs demonstrated a significant 
improvement of VAS and ODI scores in comparison to baseline 
levels (p<0.05). Nevertheless, the results were significantly 
inferior in comparison to 1-level cases and were associated with 
higher complication (11.9% vs. 27.6%; p=0.03) and inferior 
satisfaction rates (p<0.003). 
Conclusions: Despite the fact that the current data comprises the 
early experiences and learning curve associated with a new 
surgical technique, the results demonstrate satisfactory and 
maintained mid to long-term clinical results after a mean FU of 
7.4 years. Patient safety was proven with acceptable complication 
and reoperation rates. Fear of excessive late complications or 
reoperations following the primary TDR procedure cannot be 
substantiated with the present data. 
In carefully selected cases, TDR can be considered a viable 
treatment alternative to lumbar fusion for which spine 
communities around the world seem to have accepted mediocre 
clinical results as well as obvious and significant drawbacks. 
 
V 22 
Distraction and retrolisthesis lead to clinical failure of total 
disc replacement at L5/S1 after a mean follow-up of 5 years 
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Introduction: Studies report of a clinically symptomatic 
progression of facet joint degeneration following lumbosacral 
total disc replacement after just 2 years [1, 2]. Cadaver and finite 
element (FEM)-studies suggested increased facet joint loads [3, 
4] or subluxation of the facet joints by TDR as reason for this [5, 
6], but the definite pathogenesis is still unclear and should be 
researched in the present study. 
Material/Methods: In the first part, a probabilistic finite element 
analysis was performed using a lumbosacral spine model with an 
artificial disc at level L5/S1. Sagittal alignment (iatrogenic 
antero- or retrolisthesis by different a.-p.positioning of the 
superior and inferior implant part in relation to the posterior wall 
of the vertebras) was varied. The model was loaded with pure 
moments. Facet joint loads and facet capsule shear forces were 
calculated in relation to the sagittal alignment. 
In the second part, a total of 40 patients of a prospective cohort 
study who received TDR because of degenerative disc disease or 
osteochondrosis L5/S1 were invited to an additional follow-up 
for clinical (ODI and VAS for back, and leg pain) and 
radiographic analysis (a change in disc height, lordosis, or 
sagittal vertebral misalignment compared with the preoperative 
state). A correlation analysis was performed between the clinical 
and radiological results. Patients with inferior clinical results 
(ODI≥25%) received a diagnostic facet joint infiltration. 
Results: A iatrogenic anterolisthesis of 2mm led to a facet joint 
load of about 240N. Extension, side bending, and rotation 
resulted in maximum loads between 280 and 380N, flexion in 
200N. A 2mm retrolisthesis led to facet capsule forces of about 
80N. Segmental motion increased these shear forces to 120-
230N. A total of 34 patients were available at a mean follow-up 
of 59.5 months. All patients presented a significant improvement 
in back pain and ODI over time. At the final follow-up, lower 
clinical scores were correlated with a larger disc height, a 
consecutively increased lordosis, and posterior translation of the 
superior vertebra. Facet infiltration test was positive in 62.5% of 
the symptomatic patients. 
Conclusion: Parameters associated with increased facet joint 
capsule tensile forces lead to an inferior clinical outcome at mid-
term follow-up. When performing TDR, we therefore suggest 
avoiding iatrogenic retrolisthesis and overdistraction (and 
consecutive lordosis). 

References: 1. Park CK et al. Spine 33 (2008) 
2. Siepe CJ et al. Spine 35 (2010) 
3. Botolin S et al. Spine 36 (2010) 
4. Le Huec JC et al. JSDT 23 (2010) 
5. Liu J et al. Spine 31 (2006) 
6. Kafchitsas K et al. JBJS Br 92-B (2010) 
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Introduction: The treatment of degenerative disc disease (DDD) 
with two-level fusion is associated with a reasonable rate of 
complications, e.g. adjacent disc degeneration and 
pseudarthrosis. As alternative, posterior hybrid constructs of 
single-level fusion and dynamic stabilization of the adjacent 
segment has not been successful with regard to the implants 
analyzed so far (1, 2). However, for an anterior hybrid construct 
of ALIF (caudal segment) and TDR (adjacent superior segment) 
promising clinical results have been reported, but the radiological 
analysis and the comparison to a control group are missing (3). 
The aim of the present study is the clinical and radiological 
evaluation of this new surgical strategy in comparison to a 
circumferential posterior two-level spondylodesis. 
Material/Methods: 63 patients with symptomatic DDD in the 
segments L5/S1 (Modic ≥ 2°) and L4/5 (Modic ≤ 2°; positive 
discography, negative facet joint infiltration, Fujiwara ≤ 2°) were 
enrolled into the study. 32 were treated with the anterior hybrid 
construct (group H) and 31 with TLIF and transpedicular 
stabilization L4-S1 (group T). Preoperatively, as well as at 0, 12 
and a mean follow-up (FU) of 37 months clinical (ODI, VAS) 
and radiological data (plain and extension-flexion radiographs 
evaluated for implant failure, fusion rate as well as global and 
segmental lordosis & ROM) were collected and evaluated for 
differences between post- to preoperatively. 
Results: For 26/32 (group H) and 24/31 (group T) patients at the 
final FU we found a significant reduction in ODI and VAS for all 
postoperative time points compared to preoperatively. The 
patients of group H showed significant lower VAS scores direct 
postoperatively and at the final FU than the patients of group T. 
We observed no implant failure, but 1 pseudoarthrosis L5/S1 in 
group H and 2 cases of screw loosening at S1 in group T. In both 
groups lumbar lordosis increased. This increase was mainly 
located in the surgically treated segments L4-S1 in group H, and 
in the untreated segments L1-L4 in group T. In group H the ROM 
increased in the segments L4/5 and L3/4 compared to 
preoperatively. The patients of group T showed increased ROM 
in the segments superior to the fusion compared to 
preoperatively. At the final FU the ROM in the segment L3/4 
was significantly larger in group T than group H. 
Conclusion: The two different surgical strategies we investigated 
lead to different loads and kinetics of the lumbar spine over 
short- and mid-term. The treatment with the anterior hybrid 
construct L4-S1 shows good clinical results for the presented 
indication and a balanced restoration of the lumbar lordosis. The 
lesser pain we found directly postoperative in the hybrid group 
might be related to the smaller trauma caused by the anterior 
surgical approach. The inferior mid-term clinical results 
following two-level posterior spondylodesis can possibly be 
explained by the increased lordosis superior to the fusion und the 
increased ROM L3/4 with consecutively increased facet joint 
loads. 
1. Hoff et al. CORR 2012 
2. Putzier et al. Eur Spine J 2010 
3. Aunoble et al. Eur Spine J 2010 
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Introduction: PLIF surgery commonly involves usage of PEEK 
or titanium cages for interbody fusion. In comparison to titanium 
cages, PEEK cages have a preferably lower elasticity module and 
enhance radiographic evaluation of bony fusion. On the other 
hand, titanium cages provide higher primary stability and their 
rough surface structure enables excellent in-growth of bony 
structures. Common fusion rates range from 77 to 100% for both 
materials. However, comparative trials examining the bony 
incorporation of these materials have not been published yet. The 
aim of this study was to compare fusion rates and clinical results 
of a pure PEEK cage with a titanium-coated PEEK cage.  
Materials/Methods: We randomised sixty consecutive patients 
with lumbar degenerative disease into group A (titanium-coated 
PEEK cage) or group B (non-coated PEEK cage). Patients with 
osteoporosis or systemic disease were excluded from the study. 
PLIF surgery included pedicle screw fixation and 2 cages per 
level. Three independent examiners evaluated plain x-ray and 
thin-sliced CT scans using various scores. Clinical results were 
evaluated using the Oswestry and Visual Analogue Scores. 
Follow-up time was 12 months.  
Results: 51 patients (85%) could be examined after 3, 6 and 12 
months. The study population consisted of 34 women and 17 men 
(median age 51 years, range 31 - 70 years). Demographic data in 
both groups did not differ statistically. 63 levels were fused. 12 
patients were treated with two-level fusion. The following 
segments were operated: L2/3 (2 times), L3/4 (5 times), L4/5 (28 
times) and L5/S1 (28 times) (group A: 27 segments, group B: 36 
segments). Perioperative and intraoperative data did not differ 
significantly between the two groups. Titanium-coated cages 
were indistinguishable from PEEK cages in radiographic studies. 
At 12 months follow-up there was no migration in group A, but 
one (2.8%) in group B. Fusion was present in CT scans as 
follows: a) evident bone-cage contact in >50% of CT slices (A: 
74%, B: 66.6%); b) bone growth through cage pores (A: 96.3%, 
B: 94.4%), and c) bone growth outside the cages (A: 81.5%, B: 
58.3%). Both groups equally took benefit from surgery: 
Oswestry-score preoperatively (A: 20.8, B: 21.6), postoperatively 
(A: 10.4, B: 15.2); VAS low back pain preoperatively (A: 5.9, B: 
4.7) and postoperatively (A: 1.8, B: 2.4); VAS leg pain 
preoperatively (A: 2.5, B: 2.8) and postoperatively (A: 0.8, B: 
0.7). No complications were observed. No statistically significant 
difference was noted for the clinical results of the two groups.  
Conclusion: Pure PEEK and titanium-coated PEEK cages for 
PLIF produce equally favourable clinical and radiological results 
12 months post surgery. The fusion rate was almost 100% in both 
groups. 
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Introduction: Lumbarfusion surgery is a proven treatment of 
symptomatic spinal instability. A widespread kind of fusion is the 
transforaminal lumbar interbody fusion (TLIF), with favorable 
results as reported in literature. However, lumbar fusion surgery 
is known to be accompanied by a relevant complication rate due 

to its high invasivity. Aim of this study is to prospectively record 
the results and complications after TLIF-surgery and point out 
patient- and operation associated factors with influence on 
outcome and complication rate. 
Material/Methods: 162 patients underwent spinal fusion surgery 
for different indications in two departments for spine surgery. 
101 of them had a single level and 61 a multi-level TLIF. The 
study was given consent by the local ethics committee. Clinical 
outcome was measured by Oswestry-Disability Index (ODI) and 
visual analogue scale for back and leg pain (VAS; 0-10) before 
and 12 months after surgery. Complications were subdivided into 
minor and major ones. Furthermore patient related risk factors 
and operation related parameters were documented in order to 
detect their assumed influence on complication rate. 
Results: Average ODI decreased from 53% before surgery to 
27% one year after surgery (p<0.05). VAS score for back pain 
improved from 6.8 to 3.5 (p<0.05) and from 6.7 to 2.9 (p<0.05) 
for leg pain. The overall complication rate was 19.1% (8% major, 
11.1% minor), revision rate was 6.8%. In the group of patients 
with severe comorbidities (ASA 3 and ASA 4) the complication 
rate was 21.2% and 5.6% in the group with no or mild 
comorbidities (ASA 1). Those patients who were treated with a 
single level TLIF had a complication rate of 10.9%, those with a 
multi-level TLIF one of 29.5%. The rate of major complications 
among patients with a BMI>35 was 16.7% and 6.3% among 
patients with a BMI<25. In the subgroups of patients with minor 
(VAS back from 6.4 to 3.6 points) or no (VAS back from 6.8 to 
3.4 points) complications a significant back pain reduction could 
be observed one year after surgery, whereas this significance 
could not be seen in the subgroup of patients who suffered a 
major complication (VAS back from 8.2 to 6.5 points). 
Discussion: This study demonstrates that due to transforaminal 
lumbar interbody fusion a significant improvement of function 
and reduction of back and leg pain could be achieved in the 
observed group of patients. It confirms the mainly positive results 
published in literature, though it also comes to the conclusion that 
lumbar fusion surgery implicates a relevant complication risk 
rising with comorbidities such as obesity and the number of fused 
levels. Major complications worsen the clinical outcome by 
reducing the amount of back pain relief to a non-significant level. 
This should be considered before indicating lumbar fusion 
surgery. 
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Introduction: In adult scoliosis surgery (AS) treatment goals 
include deformity correction resulting in a balanced spine and 
horizontal lowest instrumented vertebra (LIV). Delineation of 
risk factors contributing to failure of AS is important to improve 
patient care. Therefore, the study objectives were 1.to determine 
predictors for deformity correction, complications and outcomes; 
2.to determine predictors of LIV-Take-Off angle (LIV-TO) and 
symptomatic adjacent segment disease (ASD). 
Material/Methods: Retrospective analsysis of 448 pts who had 
AS surgery. ASA score averaged 2.1, pts' age 51yrs, BMI 26, f/u 
40 months. SRS adult scoliosis classification: 51% had ML, 24% 
ST and 24% DM. 54% had SV at L5. 66% had Lenke modifier 
Type C, 34% had fusion to S1, 25% had an ALIF, and 32% 
anterior release. Mean PSF levels were 8, screw density was 
73%. The LIV-TO was assessed on neutral and bending/traction-
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films (bLIV-TO). Preop LIV+UIV adjacent discs were graded 
acc. to Pfirrmann on MRI. Clinical outcomes were assessed in 
145 pts using the ODI, COMI and SF-36. Prediction analysis 
were conducted with stepwise multiple regression analyses. 
Results: Preop thoracic curve (TC) was 53°, at f/u 33°. Preop LC 
was 43°, at f/u 24°. Curve flexibility was low (TC:34%/LC:38%). 
TC-correction (38%) was predicted by preop TC (r=.9) and TC-
flexibility (r=.8). LC-correction (50%) was predicted by preop 
LC (r=.8), LC-flexibility (r=.8) and screw density (r=-.7). Pts w/ 
anterior release had sign. improved LC-correction (p<.01). Preop 
SVA was 2.9cm, at f/u 3.3cm. Preop PJK was 5°, f/u 9°. Preop 
LL was 45°, at f/u 46°. Preop and f/u adjacent disc tilt (AST) 
were: Sagittal proximal 1.7° vs 2.3°(p<.05), sagittal distal -2.5° 
vs -1.4°(p<.05), coronal proximal 4.0° vs 3.6°(p=.04), coronar 
distal 7.3° vs 4.2°(p<.01). Preop LIV-TO was 18.2°, f/u 
9.4°(p<.01). 20% had a non-union (18% at L5-S1), 4% 
infections. The risk for non-union of L5-S1 increased w/ 
age(p=.04), low screw density(p=.03) and postop sagittal 
imbalance (T9-inclination(p=.01), SVA(p=.01), LL(p=.01) and 
PI-LL mismatch(p=.01)). 32% had revision surgery. Risk for 
revision was fusion to S1(p<.01), BMI(p<.01), sagittal 
imbalance(SVA,p<.01), age(p=.02) and distal AST>10°(p<.01). 
7% of pts had a periop surgical complication. To a varying 
extent, outcome measures (Means: ODI 18%, COMI 5, SF36-
PCS 39, SF36-MCS 45) negatively correlated (p<.05) with 
revision, ASD, periop complication, age, low postop TC-/LC-
correction, sagittal & coronal imbalance at f/u (SVA, PT and 
SVA). 59 pts had ASD (54% proximal/46% distal). ASD 
correlated w/ sagittal and coronal parameters, but not w/ 
Pfirrmann grades: Predictors forproximal ASD: Preop coronal 
proximal AST (p=.01), postop and f/u SVA (p=.05/p<.05), preop 
and f/u PT (p=.03/p=.05). Predictors fordistal ASD: bLIV-TO 
(p=.02), preop & postop sagittal distal AST (p=.02/p=.01), preop 
PJK (p=.04), postop & f/u LL (p=.06/=.03), postop LC (p=.04). 
In a multivariate model, bLIV-TO (p<.01) and preop LIV-TO 
(p<.01) remained with highest prediction strength for the LIV-TO 
at follow-up (fig.1). 
Conclusion: Deformity correction was influenced by higher 
screw density. The magnitude of deformity correction in the 
sagittalandcoronal plane were shown to have significant impact 
on outcomes. Risks for complications can be reduced by 
restoring sagittal balance, appropriate deformity correction and 
advanced lumbosacral fixation. Preop LIV-TO & LIV-TO on 
bending/traction-films are recommended for surgery planning. 
Parameters of sagittal balance rather than coronal or Pfirrmann 
grades predict ASD. 
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Introduction: While the transplantation of autologous bone is 
still golden standard for spinal fusion surgery, clinical studies 

show promising results using a combination of adipose derived 
mesenchymal stem cells and osteoconductive materials. Other 
than ready-to-use autografts, these constructs are usually 
prepared prior to surgery and the cells are expanded in vitro for 
several weeks. Aim of the presented study is to examine the 
influence of in vitro handling and cultivation on the regenerative 
potential of mesenchymal stem cells.  
Methods & Materials: Mesenchymal stem cells were isolated 
from fat tissue removed during spinal decompression surgery 
from 15 patients (11 female, 4 male; age 39-92a). Cells were 
cultured in DMEM-F12 supplemented with 10% fetal calf serum, 
2 mM L-Glutamin and 50 μg/ml Gentamycin. Cells were 
expanded in monolayer culture and splitted using 0.25% Trypsin-
EDTA after reaching confluence. Cell proliferation and viability 
were assessed and cells were subjected to osteogenic, adipogenic 
and chondrogenic differentiation after short to moderate 
(passages 3 to 5; “P5 group”) in vitro cultivation. All experiments 
were repeated after prolonged in vitro propagation (up to passage 
15 - “P15 group”). Differentiation was assessed via von Kossa 
(osteogenic), oil red (adipogenic) and Alcian Blue 
(chondrogenic) staining. Osteogenic differentiation was 
quantified using imageJ analysis software.  
Results: Culture age had a significant impact on cell 
proliferation: 24 hours after seeding 5x104 cells, 6,74x104 cells 
were obtained in the P5 group, but only 4,2x104 cells in the P15 
group (p>0,0001). While P5 cells started proliferation 
immediately after seeding, cells in the P15 group showed a 
delayed cell attachment and required a 24 hours recovery period 
before starting proliferation. The average logarithmical growing 
phase was shortened from 72 to 24 hours after prolonged in vitro 
cultivation. Viability decreased slightly from 98,1 to 95,6% (n.s). 
Osteogenic differentiation potential decreased from 27% to 3% 
positive von Kossa staining (p<0,0007). Despite the quantitative 
reduction of osteogenic differentiation potential, the basical 
potential to differentiate towards the adipogenic, osteogenic and 
chondrogenic lineage was still detectable after prolonged in vitro 
culture in the majority of cell lines tested. 
Discussion: There are two basic research concepts for cell 
transplantation in spinal surgery: The rapid application of 
unprocessed cells from bone marrow aspirate and the 
transplantation of a mature cell-biomaterial construct, often based 
on adipose derived stem cells, which can only be obtained after 
prolonged in vitro periods. Up to date, little is known on the 
effect of in vitro handling and manipulation on the regenerative 
potential on mesenchymal stem cells. Our data demonstrate 
significantly better cell attachement, increased duration of the 
logarithmical growing phase with subsequently higher cell 
proliferation rates and significantly better osteogenic 
differentiation potential at the beginning of in vitro cultivation. A 
short in vitro period with rapid in vivo transplantation might 
therefore be favourable for spinal bone tissue engineering 
strategies. 
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Introduction: One fundamental mission of the young panel 
“Junges Forum” of the German Spine Society is resident 
education and training. Currently there is no uniform 
interdisciplinary curriculum of resident training programs for 
spine surgery in Germany. This online survey was tailored to 
obtain a thorough idea of the present situation from a residents’ 
and young specialists’ point of view with regard to the content 
and quality of their residency training programs to teach the 
treatment of spinal diseases. 
Material and methods: 4-months (Oct 2012 until Jan 2013) 
online survey with 16 distinct questions to explore the 
demographic background and present training situation of 
different residency training programs at hospitals offering 
conservative and operative care for spinal diseases. 
Results: 103 participants (n=88 m, n=15 w) with and average age 
of 35 years (26 years - 52 years, SD 5,5a) responded. Of those 55 
(53.4%) residents and 48 (46.6%) young specialists within one of 
the following specialties: Orthopaedic Surgery / Trauma Surgery 
(n=72, 69.9%) or Neurosurgery (n=31, 30.1%). 45 (44%) 
participants reported having build 2-5 years of professional 
experience in the field of spine surgery. They were currently 
employed by University - (39%), private - (28%), municipal - 
(27%) or workers’ compensation hospitals (6%). The majority 
(n=62) was trained in one clinic/hospital. Experience in spinal 
care was obtained on one’s own initiative (n=45), by a single 
clinical mentor/teacher (n=37), or trained as a member in a 
„spine“-team with or without clinical rotations (both n=35)[1]. 
During residency training 54 (51%) participants were exposed to 
a caseload of >100 operations either as first assistant or 
responsible surgeon (n=32, 31%). In general, the quality of 
residency training programs with regard to spinal care was 
graded as excellent (24%), good (39%), or satisfactory (21%) 
(Fig). Besides the opportunity to perform spinal surgery as 
responsible surgeon, residents prioritized the following items as 
indispensably important for their training: „Spine indication 
conference“ (86%), „Hands-on training courses and education 
events“(53%) and a well run „Spine clinic“ (52%). 
Conclusion: This is the first, truly interdisciplinary online 
surgery to explore and better understand the present situation of 
current resident training and education programs in Germany. 
The survey was directed towards the evaluation of residency 
programs with respect to teach and educate non-operative and 
operative spinal care from a young professional’s point of view. 
The results obtained should be used to improve the current 
concepts of residency training and to implement a yet to be 
uniform curriculum for future generations of „Spine surgeons” 
[1] multiple responses possible 
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Introduction: Urocortin (UCN) is an amino acid peptide that 
belongs to the corticotropin factor family. UCN inhibits 
osteoclasts and enhances the differentiation of osteoblasts in 
vitro. The aim of this study was to assess the effect of UCN on 
bone tissue in the rat osteopenia model. 
Material and Methods: Sixty 3-month-old female Sprague 
Dawley rats were ovariectomized (OVX, n=48) or sham (n=12) 
operated. After 8 weeks, the OVX rats were divided into 4 
subgroups: OVX, UCN low (3 μg/kg BW), UCN high (30 μg/kg 
BW), estradiol-17β-benzoate (0.2 mg/kg BW). The UCN was 
administered daily s.c., the estrogen was supplied with food for 
35 d. Thereafter, the lumbar vertebral bodies were analyzed by 
biomechanical test, micro CT, pQCT and ashing analyses. Leptin 
level was assessed in the serum. 
Results: The biomechanical parameters in UCN high group 
enhanced to the level observed in SHAM group. UCN at the low 
dose did not improve the bone strength. Micro CT and pQCT 
analyses revealed improved BMD and BV/TV in UCN-high rats. 
Serum leptin was at the lowest level in OVX group and was 
similarly enhanced in SHAM and UCN-high rats. 
Conclusion: In the present study, the osteoprotective dose-
dependent effect of UCN was demonstrated. UCN treatment led 
to an improved biomechanical strength and bone mass. The 
changes in serum leptin level may explain the effect of UCN on 
bone tissue via the stimulation of OPG. Whether UCN might be 
an alternative treatment option for patients suffering from 
osteoporosis requires a better understanding of the potential side 
effects and further studies. 
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Introduction: Spinal meningiomas are relatively common 
accounting for 25-46% of spinal tumors. The golden treatment 
standard is gross total resection (GTR). The aim of this study is 
to determine whether elderly patients (pt) benefit sufficiently 
from meningioma surgery. 
Material/Methods: We performed a retrospective analysis of 62 
consecutive pt treated surgically upon spinal meningiomas 
between 03/2006 and 12/2012 at our department. Pt which were 
≥ 70 years old (n=25) were summarized as „elderly group". The 
median follow-up (FU) of 19 months (range 4-83) is available for 
47 pt (76%). 
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Results: The median age was 67.5 years (range 19-86), whereas 
37 pt (60%) were <70 years (= "younger group"), n=25 (40%) 
were ≥ 70 years (= "elderly group "). The series included 11 men 
(18%) and 51 women (82%). Meningiomas were located: 
cervical/cervicothoracic spine in 15%, thoracic/thoracolumbar 
spine in 79%, lumbar/ lumbosacral spine in 6%. WHO° I tumor 
was diagnosed in 59 cases (95%), in 3 cases (5%), a WHO II 
tumor was resected. GTR was achieved in 59 cases (95%), 
subtotal resection was performed in 1 pt (2%), 2 pt (3%) 
underwent tumour debulking. In the entire series, early 
postoperative improvement was observed in 40 cases (64.5%), 
one pt deteriorated (1.5%), 21 pt (34%) were unchanged. There 
were no significant differences between the younger and the 
older groups: 36% of younger vs. 32% of elderly pt were 
unchanged, 65% of younger vs. 64% of older pt were improved. 
The one pt which was deteriorated after the surgery belonged to 
the younger group. In the later FU, both groups exhibited similar 
further recovery of symptoms: the rate of improved pt was 73% 
(n = 27) in the younger group vs. 76% (n = 19) in the older group 
in the last FU examination. The median duration of in-hospital 
stay was 8 days, with a tendency towards longer hospitalization 
in older pt: 7 d younger pt vs. 9 d older pt. Early surgical 
complications occurred overall in 8 cases (13%): postoperative 
hemorrhage n = 2, CSF fistula n = 1, pulmonary embolism n = 2, 
wound healing disorder n = 2, prolonged intracranial hypotension 
n = 1. The complications rate was significantly higher in the 
elderly group: 20% (n = 5) vs. 8% (n = 3) in younger pt. In the 
entire series nomortality occurred. No local tumor recurrences 
were observed during the FU. Six pt (10%) were operated upon 
recurrences of externally resected meningiomas. 
Conclusion: Surgical therapy is a safe method of treatment of 
spinal meningiomas leading to an improvement of preoperative 
symptoms in the majority of cases (> 70%), whereas the risk of 
postoperative deterioration is very low (<3%). The elderly 
population (≥ 70 years), which is frequently affected by this 
tumor entity, seems to benefit equally as younger pt from surgery 
in terms of neurological improvement, even though the rate of 
early surgical complications is significantly higher. With the 
escalation of appropriate preventive measures in the early 
postoperative period due to the higher complications rate, early 
resection of spinal meningiomas in elderly pt is recommended.  
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Introduction: Surgery is the treatment of choice for intra- and 
extramedullary tumors of the spinal cord in children and young 
adults. For patients of advanced age (over 70 years) the question 
arises, whether removal of these usually benign tumors is 
warranted. 
Material/Methods: Since 1991 all spinal tumors were entered 
into a data base. Patients were examined preoperatively, 
postoperatively before discharge, and as outpatients after 3 
months and yearly thereafter. The results of these examinations 
were documented with a scoring system for each neurological 
symptom separately. Long-term results were analyzed with 
Kaplan-Meier statistics to determine rates of progression-free 
survival for these patients. 
Results: Among 278 patients with intramedullary tumors 21 
patients were 70 years or older (7.6%). Among 623 patients with 
extramedullary tumors, 67 (10.8%) belonged in this age group. 
16 patients with intramedullary and 59 patients with 
extramedullary tumors underwent surgery. Whereas histologies 
for intramedullary tumors were similar between adult age groups 
above and below 70 years of age, meningiomas were more 
common in patients of advanced age among extramedullary 
tumors. After surgery for extramedullary tumors, elderly patients 
demonstrated similar rates for complications (14.8% and 12.6%), 

transient surgical morbidity (9% in both groups), and permanent 
surgical morbidity (3.4% and 2.5%) compared to adults below 
age 70. Likewise, rates for complete tumor resections and 
recurrence rates after 5 years (22.2% and 27.6%) were similar in 
these groups. Among patients of advanced age, 52.5% 
demonstrated a sustained postoperative neurological 
improvement. For intramedullary tumors, however, treatment 
results for elderly patients were less favorable. Even though rates 
for complications (6.7% and 16%) and transient surgical 
morbidity (36.4% and 48.5%) were lower compared to adults 
below 70 years of age, elderly patients required a longer 
rehabilitation period to regain their preoperative status. 
Permanent surgical morbidity was higher for patients of 
advanced age (26.7% and 17.4%). Despite similar rates for 
complete tumor resections, the tumor recurrence rates after 5 
years were significantly higher in elderly patients (31.8% and 
19.8%; p = 0.01). 
Conclusion: For patients of advanced age surgery of 
extramedullary tumors should be recommended. Their 
postoperative short- and long-term results are identical compared 
to adults below 70 years of age. Intramedullary tumors are rare in 
advanced age. Rates for permanent surgical morbidity and tumor 
recurrences are considerably higher in this age group, so that just 
58.9% of patients experienced a long-term benefit from surgery 
in this series. The major reason for this less favorable outcome 
appears to be difficulties to overcome deficits of joint position 
sense in this age group. Nevertheless, surgery of intramedullary 
tumors remains the best option to preserve neurological functions 
even in advanced age. 
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Introduction: An increasing demographic aging of the general 
population results in an increasing incidence of octo- and 
nonagenarians with spine disease. Patients > 65 yrs of age 
represent the majority of patients with degenerative lumbar spine 
disease in our daily clinical routine. We therefore assessed the 
benefit of lumbar decompression with regard to neurological 
outcome, medical conditions and complication rates of patients 
80 years or older in a retrospective single center series. 
Material/Methods: 84 pats. (45 f / 39 m, mean age 89.6 yrs, 
range 86 - 96) who underwent surgery for lumbar spinal stenosis 
or disc herniation between Jan 2008 and May 2013 were 
retrospectively assessed. Age at surgery, neurological status (pre 
/ postop), relevant medical comorbidities and former surgeries at 
the index levels, intra- and postoperative complications (surgery 
related / medical), duration of surgery, length of hospital stay and 
rate of revision surgeries were recorded. 
Results: Surgery was performed for lumbar stenosis (59 pats., 
70%), disc herniation (6 pats., 7%) or both (19 pats., 23%). 31/84 
received 1-level, 29/84 2-level, 24/84 ≥ 3-level decompression. 
13/84 (16%) pats. had at least one previous surgery at the index 
level. Mean duration of surgery was 88 ± 37 min (range 22-184). 
Mean length of hospitalization was 11 ± 6.8 d (3 - 31). 
28 (33%) patients suffered from preoperative neurological 
deficits. 19 (68%) of these pats. improved, 9 (32%) were 
unchanged after surgery, none deteriorated. New postoperative 
neurological deficits did not occur. All 18 (21%) intraoperative 
complications were mild to moderate: 17 durotomies (20%), 1 
nerve root affection (1%) without neurological sequelae. 2 pats. 
needed revision surgeries for CSF leak and epidural hematoma 
during the same hospital stay. 1 pat. had a secondary lumbar 
stabilization 3 months after initial surgery. No severe surgical 
complications occurred. 
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81 pats. (96%) had a mean of 2 (1 - 6) relevant medical disorders.  
8 (10%) postoperative medical complications were reported (1 
humerus fracture, 2 pulmonary embolisms, 3 pneumonias, 1 
thromboses, 1 urinary tract infection). Severe medical 
complications that necessitated ICU treatment and resulted in 
lethal outcome were seen in 2 pats. (2%): 1 pat. with pneumonia 
and pulmonary embolism, 1 pat. with cardiac failure and 
pulmonary edema. Most of the patients (80/84, 95%) benefited 
from surgery at discharge from hospital. 
63% (59) patients were satisfied during the last follow up ((6.7 ± 
13 months; 0-65). 23% pats. suffered from postoperative chronic 
back pain. All of them could be treated conservatively. 
Conclusion: In spite of their age the vast majority of octo- and 
nonagenarians benefited from lumbar decompression surgery. 
Mild to moderate complications were relatively frequent, 
whereas severe medical complications were rare. We had no 
serious surgical complications and no new postoperative 
neurological deficits in the assessed patient series. With thorough 
patient selection and stringent surgical indications even patients 
in this very old age group can profit from surgery. 
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Introduction: Affection of CNS tissue accompanies with 
devastating morbidities and only limited potential for recovery. 
So far, different approaches replenishing the cellular pool in the 
defects had only limited success. This study aims to generate 
different progenitor cell types of the developing CNS in a 3D 
organotypic pattern from murine embryonic stem cells (mESC). 
Formation of neuroepithelial tube-like structures in vitro could 
serve as a source for tissue reconstitution in lesioned CNS. 
Methods: In the present study a 3D cell culture system for neural 
progenitors was used, to reproduce development of the 
embryonic CNS. Neuroepithelial tubes were generated from 
single mESC in a 3D matrix under neurosupplementary medium. 
They were differentiated into cellular subtypes subsequently by 
locotypic morphogens and growth factors (GF). Cellular 
development and differentiation was qualitatively analyzed and 
quantified using immunofluorescence, confocal microscopy, PCR 
and ISH. 
Results: Matrigel embedded mESC grow clonally in N2B27 
medium as tubes and follow embryonic development. They 
possess apical-basal polarity, express neural stem cell markers 
and differentiate along the neural lineage. IF and ISH data 
suggest a midbrain-hindbrain localization of mature tubes. They 
can be shifted along the craniocaudal and dorsoventral axis of 
developing SC. RA treatment causes caudalization. Shh induces 
formation of ventral, whereas BMP and Wnt proteins generate 
dorsal neurons. Growth factor treatment with EGF and FGF 
provides upregulation of BLBP and RC2 up to 80% of treated 
cells, indicating radial glia development. 
Conclusion: 3D neuroepithelial tube culture remarkably 
recapitulates the spatial organization of a developing CNS. 
Ependymal cellular aggregates react to locotypical morphogens 
with specification and resemble the neural tube in vitro. Radial 
glia cells as a typical source of CNS regeneration were created in 
high efficiency, in order to support restruction of lesioned CNS 
and to aggravate neuroregenenerative ability. Engraftment 
potential, cellular and histological integration, tumorigenicity and 
functional improvement of those cells are still to be examined in 
a transplantation essay. 
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Introduction: Tethered Spinal Cord (TSC) is a complex group of 
spinal dysraphisms. Clinical symptoms can range from back pain 
with radicular radiation, stress-related pain, gait disturbance, 
bladder problems or complete paraplegia. The diagnosis of 
tethering, especially of secondary origin, is often difficult and 
conventional MRI diagnostics in supine position are insufficient. 
We tried to demonstrate the lack of mobility of the conus 
medullaris with an additional MRI in prone position. 
Material/Methods: 36 patients between 2011 and 4/2013, 
average age 11,3 years (range 4 months - 40y) involving 21 
males and 15 females, with neurological symptoms suspicious for 
a TSC were examined with a MRI in supine and prone position. 
15 of these patients had a thick filum terminale, 2 
lipomyelomeningocele (LMMC), 14 secondary tethering after 
operation of occult dysraphism, 5 without pathologic MRI. 
Results: In 31 (86,1%) patients with typical symptoms of a TSC 
the diagnosis could be confirmed by prone MRI due to the 
persistent posterior displacement of the conus, 20 of these 
patients (55,6%) were successful untethered. Tethering could be 
excluded in 5 patients (13,8%). 
Conclusion: The new method of prone-position MRI can show 
differences in the elasticity and decreased mobility of the conus 
medullaris in TSC and can therefore easier confirm the diagnosis 
and rule out misdiagnosis. 
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Introduction: In a prospective evaluation we detail the surgical 
strategy and the postoperative results of 25 patients (13 m / 12 f) 
with microsurgically treated symptomatic intramedullary spinal 
cavernomas. 
Materials/Methods: The spinal locations of the cavernomas 
were: 15 cervical, 8 thoracic, 2 thoraco-lumbar. All 25 patients 
were symptomatic with signs of myelopathy and sensorimotor 
deficits corresponding to the level of the lesion. In 9 patients a 
laminectomy or laminonotomy and in 14 patients a 
hemilaminectomy was performed to approach the lesion. Two 
patients were treated via an anterior approach to the spinal 
collum (1 cervical and 1 thoracic). All surgical procedures were 
performed under intraoperativen electrophysiological monitoring. 
Reults: Direct postoperatively, a transient deterioration of pre-
existing neurological deficits occur in 16 of our 25 patients 
(64%). However, a long-term improvement of initial neurological 
deficits was found in 13 of 25 patients (52%). We also found 
that, localization within the spinal cord, especially the contact to 
the surface of the medulla, the size of the cavernoma and the 
grading of the pre-existing neurological deficits are strong 
predictors for the surgical morbidity. 
Conclusion: According to our current experience we therefore 
summarize, that microsurgical treatment of intramedullary spinal 
cavernomas has an acceptable surgical morbidity. However, the 
postoperative outcome shows a long-term improvement of the 
clinical condition in the majority of cases. We conclude that 
microsurgical resection with intraoperative electrophysiological 
monitoring is the treatment of choice in symptomatic cavernomas 
of the spinal cord. 
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Background: The use of different minimally invasive 
approaches for resection of spinal neoplasms has been described 
for various intradural spinal lesions. Unilateral minimally 
invasive approaches are believed to have more benefits with 
regard to postoperative spinal stability comparing with a total 
laminectomy. However, unilateral approaches have not been 
widely accepted as a surgical option for the removal of intradural 
spinal tumors. This may be because of concerns about incomplete 
removal of the tumor and inadvertent spinal cord damage, both as 
a result of the relatively narrow surgical corridor. 
Objective: To present the profiles of intradural spinal tumors that 
can be removed through a unilateral hemilaminectomy or 
interlaminar fenestration. To determine if intra- and 
extramedullary spinal neoplasms can be safely resected through a 
minimally invasive corridor. 
Methods: We performed a retrospective review of 165 patients 
operated on intradural spinal neoplasm between 01/2000 
01/2013. We measured the tumor diameters and calculated the 
cross-sectional occupying ratio of the tumor to spinal canal. 
Parameters analyzed include tumor diameters, cross-sectional 
ratio of the tumors and the spinal canal, choosen approaches, 
operative time and complications, completeness of resection, 
postoperative neurologic status as well as development of 
postoperative sagittal malalignement and local tumor recurrence 
during follow-up. 
Results: 36 cervical, 54 thoracic and 85 lumbar neoplasms were 
identified in 165 patients. Of these 175 lesions 135 were located 
extramedullary (77%; 75 schwannomas, 60 meningiomas) and 40 
were intramedullary (23%; 28 ependymomas, 10 
hemangioblastomas, 2 gliomas). The mean height and cross-
diameter of the lesions were 25mm (7-52) and 14mm (6-24), 
respectively. The mean ratio of tumor and spinal canal diameter 
was 60,5% (22-95). Surgical approach choosen were unilateral 
interlaminar fenestration (n=82), unilateral hemilaminectomy 
(n=71), laminectomy (n=17) and laminoplasty (n=5). Mean 
intraoperative time was 115 minutes (58-245). 168/175 tumors 
(96%) were completely resected, with only one patient requiring 
repeat immediate operation for residual tumor. 18 patients 
developed postoperative neurological deterioration (16 
intramedullary tumors / 14 laminectomy and 2 laminoplasty; 2 
extramedullary tumors / 1 laminectomy and 1 hemilaminectomy). 
All but nine patients (8 intramedullary, 1 extramedullary tumor) 
were improved from preoperative status at 6 months (96%). 
Postoperative spinal stability was preserved during the follow-up 
period in all cases. Local tumor recurrence did develop in 3 
patients (1 atypical and 1 malignant meningioma, 1 malignant 
glioma) during the mean follow-up period of 72 months (6-112). 
Conclusion: Unilateral fenestration and hemilaminectomy 
combined with microsurgical technique provides sufficient space 
for the removal of diverse intradural spinal tumors. Intradural 

spinal neoplasms can be resected through a minimally invasive 
approach without increased risk for adverse neurologic outcome. 
Neurological results were not related to a special surgical 
approach but rather to preoperative size and neurological status 
as well as intramedullary location and malignant histology of the 
tumors. 
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Disc cell therapy would be favourably performed immediately 
after nucleotomy surgery to restore intervertebral disc 
functionality and to avoid progressive disc degeneration. 
Promising results were reported from small animal models 
offering a higher regenerative potential compared to humans. In 
models with larger animals, however, most implanted cells were 
lost by annular damage at the injection site and detrimental disc 
conditions. Therefore, the aim of the present study was to re-
evaluate implant retention and metabolic cell activity in partially 
nucleotomized discs in a porcine large nucleotomy model after 
optimization of the disc cell therapy technique with less annular 
damage at the injection site and application of a new albumin-
based hydrogel matrix developed for better retention inside the 
disc by in situ cross linking. To judge whether transduced 
luciferase activity is valid for cell tracking in intervertebral discs, 
the value of luciferase labeling in bone marrow derived 
mesenchymal stem cells (pMSC) was tested in vitro an in vivo. 
Retrovirally transduced luciferase expressing pMSC were first 
examined in vitro under 3D culture conditions with gradually 
decreasing glucose and oxygen supply, thus mimicking the harsh 
intervertebral disc environment with low glucose and oxygen 
concentrations. For the in vivo study, pMSC + hydrogel were 
injected into porcine lumbar discs after removal of ~10% of 
nucleus volume. Animals were sacrificed immediately after 
surgery (n=6) or 3 days later (n=6). A total of 24 discs were 
analyzed. Implant persistence was determined by adding Al2O3 
particles in the hydrogel allowing for quantitative evaluation of 
retained implant volume and distribution in μCT analysis. 
Simultaneously, cell activity was observed via luciferase and 
WST assays. 
In vitro cell culture with reduction of glucose (20mM, 5mM, 
0.5mM, 0mM) and oxygen (20%, 5%, 2%) significantly 
decreased metabolic cell activity (WST assay) and luciferase 
activity, establishing luciferase activity as a metabolic sensor 
rather than a mere locator of cells. Pearson’s coefficient for all 
groups revealed a highly significant, strong correlation (r=0.917, 
p<0.01) between the progression of the WST- and luciferase 
measurement values and there was a strong correlation (r=0.979, 
p=0.021) of the decrease in luciferase activity with the reduction 
of the glucose concentration. During 3 days of 3D culture with 
disc-like conditions, luciferase activity decreased to 8%. In vivo, 
initial implant volume shrank to 61% at day 3 with evidence for 
hydrogel compression. Calculated luciferase activity for the 
remaining implant after 3 days (38%) and observed activity 
referenced to cell adaptation (23%) was encouraging.  
In the present scenario pMSC administered in an albumin 
hydrogel first adapt to the harsh intradiscal environment by 
reducing their cell metabolism. In conclusion, however, this 
study demonstrates that metabolically active cells persist. The 
found remainder of 38% metabolic activity in the remaining 
implant at day 3 seems encouraging for further disc cell therapy 
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approaches. Whether the in situ remaining pMSC will survive 
and may have the capacity to even resume higher cell activity 
after further adaptation as suggested by other disc studies on 
smaller animals, however, awaits to be determined in a mid- to 
long-term analysis. 
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Introduction: The problem with the identification of the 
bacterial species in pygenic spondylitis is the low rate of positive 
microbiological cultures. According to the literature the 
identification of responsible micro-organism is successful only in 
49-79%. Therefore, we started a prospective study to assess the 
efficiency of using five tissue samples obtained by biopsyplus 
prolonged incubation. The leading micro-organism in all 
published studies is Staphylococcus aureus followed by 
Streptococci. Staphylococcus epidermidis seems to be rare in 
patients with pyogenic spinal infection. 
Material/Methods: All pat. with spondylitis, which were treated 
in our spine center in the period from 2008 to 2012, are includes 
in this study. The pat. with fulminant pyogenic spondylitis were 
surgically treated. A dorsoventral spondylodesis with 
debridement was done. During surgery 5 tissue samples for 
microbiological examination were obtained. The incubation time 
was 14 days, aerobic / anaerobic incubation on different agar 
plates. The culture was declared positive, if an agent could be 
detect in at least 2 cultures. A histological testing was done as 
well. To match our results, tissue samples were also collected in a 
control group. Pat. which were treated conservative, a ct-guided 
biopsy was done. 
Results: We included 153 pat. with the clinical diagnosis of 
pyogenic spondylitis, 7 pat. were treated conservatively, 146 
were treated surgically. 40 pat. were used as a control. In 83,67% 
(n=128) of the spondylitis group at least two cultures were 
positive for the same bacteria. In the surgically treated group 
sensitivity of the method was 85,03% versus 42,0% in the CT-
biopsy group (p=0,014). In 21pat.(10,27%) of the surgical treated 
group no agent could be detected, in 6 pat.( 4,11%) only one 
bacteria. All cases detected an infection (i.) in histological 
examination: 86,28% an acute pyogenic i., 10,45% a chronic i. 
and 3,26% a granulomatous specific i.. In the group without 
identification of an agent only 63,16% showed an acute pyogenic 
infection. This difference between the two groups is significant 
(p=0,002).In the surgical treated spondylitis group (n=146) 125 
pat. (85,03%) had a positive bacterial culture in 2 and more 
samples, in the control group (n=40) without infection only 6 pat. 
(15%) had a positive bacterial culture in 2 and more samples 
(p<0,001). the Specificity is 85% and the risk of false positive 
cultures 15%. Leading bacteria was s.aureus detected in 41 pat. 
(32,03%). In 25 pat. (19,53%) S.epidermidis , 12 pat. (9,38%) 
E.coli and in 9 pat. (7,03%) Propionibactium acnes was 
identified. . In the Control-Group Propionibacterium acnes could 
be detected in 4 pat. (10%) in 2 or more samples. In 1 case 
S.epidermidis ( 2,5%) and Micrococcus luteus (2,5%) was 
detected in 2 samples. 
Conclusion: The rate of pos. results in microbiological diagnosis 
of pyogenic spondylitis significantly increased by using 5 tissue 
samples obtained by biopsy and prolonged incubation. Contrary 
to the studies about spondylitis published so far, in our presenting 
study S.aureus was entcountered in a lower rate and 
S.epidermidis was detected in a higher rate as reported. In the 
Control-group without any inflammation Propionibacterium 

acnes could be detected in 10%. If Propionibacterium acnes is 
causal for disc degeneration, should be proved in further studies. 
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Introduction: The use of computer-assisted navigation facilitates 
a precise positioning of pedicle screws. However, screw 
misplacement rates are not negligible, even with navigating 
techniques. A thorough visual control of pedicle screw placement 
requires 3D-imaging techniques, either intraoperatively or 
postoperatively by computer tomography. In order to assess the 
direct benefit of an intraoperative 3D-imaging/navigation device, 
we analyzed our posterior thoracolumbar instrumentations as to 
intraoperative optimization rate of navigated pedicle screws. 
Material/Methods: From February 2011 to June 2013, all 
posterior instrumentations of the thoracolumbar spine carried out 
by navigation and intraoperative O-arm-imaging (O-arm, 
Surgical Imaging System, Medtronic) were included in the study. 
We assessed every screw malposition which was detected by 3D-
imaging regarding the need for intraoperative correction. In case 
of a relevant pedicle screw misplacement, we corrected screw 
position and performed another 3D-scan. 
Results: 150 patients (average age 60 (24-87) years) with 808 
navigated pedicle screws were included in the study. 112 patients 
were primarily operated on, in thirty-eight patients we performed 
revision surgery. Indications comprised degenerative disease, 
fractures, revision surgeries, spondylodiscitis, and metastases. In 
78 % of cases, we performed one single 3D-scan after screw 
insertion, in 22 % of cases, a second scan was required. 
Intraoperative screw optimization rate accounted for 24/808 
pedicle screws (3.0 %). Most frequently, “acceptable” screw 
positions were “perfected” by optimizing insertion depth (14/24). 
In the rest of cases the trajectory line was addressed (10/24). 
Postoperatively, no revision surgery for screw misplacement was 
needed. The lowest modification rate was found in the 
midlumbar spine (L2-4). 
Discussion: Intraoperative 3D-scans of navigated pedicle screws 
might reduce the number of revision surgeries by detecting 
misplaced screws, immediately. Therefore, two facts justify the 
use of an O-arm: (1) appropriate imaging quality for navigation 
and control of navigated screw position, (2) avoidance of revision 
surgeries by intraoperative detection of misplaced screws. 
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Quantitative In-Vivo Fusion Assessment by 18F-
Natriumfluorid PET/CT following En-Bloc Spondylectomy 
and Carbon-Composite Cage Reconstruction 
*M. Pumberger1, V. Prasad2, C. Druschel1, A. Disch1, 
W. Brenner1, K.-D. Schaser1 

1Charité, Universitätsmedizin Berlin, Unfall- und 
Wiederherstellungschirurgie, Berlin, 2Charité, Universitäts-
medizin Berlin, Klinik für Nuklearmedizin, Berlin 
 
Spinal fusion procedures requireosseousintegration of implants in 
order to provide adequate mechanical strength to any applied 
forces and subsequently satisfying patient outcomes. 
Biomechanically, the importance of spinal fusion increases 
parallel to the defect size. Computed-tomography (CT) is the 
gold-standard evaluation tool for non-invasive fusion assessment. 
However, in current literature there remains discrepancy about 
sensitivity and specificity of CT as evaluation tool of spinal 
fusion. A novel modality, 18F-Natriumfluorid Positron 
Emission/CT (18F PET/CT) allows in vivo evaluation of 
metabolic activity of theosseousintegration. We utilized this 
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method in order to evaluate bone viability following large defect 
reconstructions in patients after en-bloc spondylectomy (EBS). 
All patients undergoing EBS and carbon-composite cage (CCC) 
reconstruction were included in this study. We retrospectively 
reviewed all patients who underwent 18F PET/CT for their tumor 
specific radiologic follow/up examinations. Spinal fusion was 
evaluated on plain radiographs, CT and 18F PET/CT by one 
spinal surgeon and by one nuclear medicine trained physician. 
Fluorid uptake (mMBq/cm3) within the cage (Abb 1. 3) and the 
adjacent endplates (Abb 1. 2) were measured and normalized to 
the adjacent spinal segments (Abb 1. 1). 
Between December 2011 and December 2012 a total of eights 
patients underwent 18F PET/CT and included in this 
investigation (2 male and 6 female; average age 55,4). Two 
patients received a 3-level-, two patients a 2-level- and four 
patients a 1-level EBS. Tumor entities were three 
chondrosarcomas, two chordomas and renal cell carcinoma and 
one osteosarcoma and a breast carcinoma metastasis. The average 
follow-up between EBS and radiographic studies was 22.7 
months. On the plain radiographs and CT scan successful fusion 
was confirmed in all patients. However, 18F PET/CT showed 
non-union in all cases with a fluorid uptake of 0.24 within the 
center of the CCC compared to the reference vertebra. Therefore, 
no vital osseous integration was observed in any of the patients. 
The metabolic activity of the adjacent endplates was 1.62 fold 
increased when compared to the reference vertebra, suggesting 
micro movements of the cage. 
Reconstruction of the ventral spine is essential following EBS. 
This study suggests a discrepancy between fusion rates 
assessmed by plain radiographs and CT compared to 18F 
PET/CT. Therefore a possible overestimation by the conventional 
techniques is indicated.  
 
Fig. 1 
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Introduction: Early identification of scoliosis patients at risk for 
evolution of severe scoliosis and restricted pulmonary function 
(PF) is critical. Accurate predictors of PF have yet to be defined. 
Transthoracic and chest-cage surgery remain substantial 
techniques in the treatment of severe scoliosis. Preop PF study is 
of importance to calculate the individual burden and morbidity of 
the selected procedure. A spirometer is the standard of reference 
for PF testing (PFT). However, estimation of PF using 
radiographs is of importance for surgical planning & outpatient 
clinic consultation, particularly in pts that do not comply with 

spirometer testing (e.g. EOS/ ICP). The study thought to refine 
main predictors of restricted PF in scoliosis. 
Methods: 492 pts with a structural thoracic or thoracolumbar 
curve (TC) were assessed. Pts had preop PFT using a spirometer 
and radiographic analysis of scoliosis & kyphosis. Pts were 
assessed using a standard ultrasound spirometer. The PF value 
reported was forced vital capacity (FVC) expressed as a 
percentage of the predicted value (FVC%). According to the 
American Thoracic Society’s guidelines for the severity of 
pulmonary impairment, classification was into ‘no’ impairment 
(FVC:>80-100%), mild (FVC:>65-≤80%), moderate 
(FVC:>50≤65) and severe (FVC ≤50%). Radiographic 
parameters included: Apex of kyphosis, apical vertebral rotation 
(AVR), apex of scoliosis, Cobb of scoliosis (TC), lumbar curve 
(LC), TC-bending (°) and TC-flexibility (%), rib hump (°), 
sagittal vertical axis (SVA), lumbar lordosis (LL), thoracic 
kyphosis (TK) T4-T12. Statistical analysis yielded for significant 
radiographic predictors of FVC%. 
Results: Patients’ age averaged 17yrs, 94% had AIS, 6% had 
syndromatic or congenital scoliosis. 19% had lordoscoliosis 
(=TK<10°, Lenke modifier '-'). FVC% was 75±17%, TC was 
57±21° and TK 26±25°. Mean value for LC was 37°, TC-bending 
33°, TC-flexibility 46%, rib hump 8°. 38% of pts had no 
impairment of PF, 37% mild, 15% moderate and 10% severe. 
Radiographic spinal and chest cage deformity signficantly 
influenced FVC% (TC:p<.01,r=0.4; TC-flexibility:p<.01,r=0.4; 
AVR:p<.01,r=-0.3, TK:p<.01,r=-0.2, rib hump:p<.01,r=-0.2) as 
well as the level of the scoliosis apex (p<.001,fig.1) and scoliosis 
etiology (p<.01). The impact radiographic deformity has on PFT 
was stressed in patients with a FVC≤50%: These revealed 
significantly increased TC (p<.001, r=0.4) and TC-bending 
(p<.001,r=0.5). For TK logistic regression analysis revealed two 
peaks predictive for a FVC≤50%: Increased scoliosis with a low 
TK (lordoscoliosis<0°, OR=7.3) or a high TK 
(kyphoscoliosis>60°, OR=20). A linear discriminant analysis 
with TC, TC-bending and TK was performed and identified that 
TC-bending best predicted a FVC≤50% (OR=1.04). A 'filter 
model' for prediction of a FVC>50% was established and 
achieved a correct classification rate of 94%. The model 
maintained a high prediction strength when excluding the TC-
bending (TK:p=.009, TC:p<.0001). To better describe the 
relation among the scoliosis (TC) and FVC≤50% a log.regression 
with probability calculation is illustrated in fig.2. 
Conclusion: Pts with increasing coronal and sagittal plane 
deformity with a high thoracic scoliosis apex are at highest risk 
for reduced FVC%. Information provided improves estimation of 
actual PF and evolution of PF based on the magnitude of 
radiographic deformity. It improves patient counceling and early 
identification of young scoliosis pts at risk for pulmonary 
deterioration in the long-term run. 
 
Fig. 1 
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Introduction: Instrumentations ending at the lumbosacral 
junction are prone to failure owing to poor bone quality and 
biomechanical challenges in larger deformities by using S1-
pedicle screws only. Advanced lumbopelvic fixation using iliac 
screws or S2-ala iliac screws is increasingly selected to improve 
construct stability at the lumbopelvic junction. However, a 
reasonable number of complications can be attributed to the 
usage of transiliosacral fixation. Accordingly, improvement of 
sacrum only fixation for cases that pose increased biomechanical 
challenges to the lumbosacral junction would be valuable. The 
objectives of the current study were to analyze the biomechanical 
characteristics of a novel constrained dual-screw anchor fixation 
using S1-pedicle screw fixation in the sacrum bone and screw 
fixation in the S1-ala in comparison to a standard S1-pedicle 
screw. 
Material and Methods: Sacral bones of fresh-frozen human 
specimens were harvested, subjected to CT-scanning and analysis 
of bone mass density (BMD) and embedded in polyurethane 
casting resin. In alternating order one side was instrumented with 
standard 7.0mm S1-pedicle screw (S1-PS) while the other side 
was instrumented with a novel constrained dual-screw S1-
pedicle+S1-ala fixation device (S1-ALA) using 7mm and 6mm 
diameter screws, resp. Accuracy of screw insertion was assessed 
using biplanar radiographs. Mechanical testing with cyclic 
loading and pullout tests was performed. Cyclic loading tests 
were conducted with a stair-cased cyclic loading (25N to 250N) 
with 2000 cycles at 2 Hz. Tests were aborted if displacement 
>2mm occurred before completion of 2000 cycles was achieved. 
All specimens were subject to co-axial pullout tests. The failure 
load (FL), number of implant vertebra units (IVU) surpassing 
2000 cycles, number of cycles and loads applied were recorded. 
Results: A total of 30 specimens were selected to undergo testing 
and resembled the study sample. Donor age averaged 76.8yrs, 
BMD 115.2 mg CA-HA/ml. Total working length of screws 
implanted averaged 90.2mm in the S1-ALA and 46.3mm in the 
S1-PS group (p=.0002). Two specimens were excluded from 
statistical analysis after loosening of the resin-bone interface 
during initializing of the test protocol. None of the implant-
vertebra units in both groups surpassed 2000 cycles without 
displacement >2mm. However, in the S1-ALA group failure 

occurred late at 845.3±325.3 cycles and 148.8±40.7N. In the S1-
PS group failure occurred at 512.3±280.6 at 105.9±36.1N. The 
differences were significant (p=.004 and p=.002, resp.), the 
decline for reached cycles S1-ALA:S1-PS= - 39.4%. In the 
coaxial pull-out testing, the maximum failure load for the S1-
ALA group was 2118.1±1166N at a displacement of 2.5 ± 1mm 
compared to 1375.6±750.1N at a displacement of 1.6±0.5mm in 
the S1-PS group. The differences were significant (p=.0007 and 
p=.0003, resp.), the decline in maximum failure load S1-
ALA:S1-PS= - 35.1%. In terms of applied the work (S1-ALA: 
3.1±2Nm / S1-PS: 1.4±1.1Nm) and yield load (S1-ALA: 
1871.8±1093.2N / S1-PS:1232.4±661.6N) significant better 
results were achieved with the constrained dual-screw implant 
(S1-ALA) compared to the S1-PS (p=.0004 / p=.002). 
Conclusion: An implant with a constrained dual-screw-
characteristic for lumbosacral instrumentation significantly 
improves resistance to cyclic loading and pullout forces 
compared to use of S1-pedicle screws only. The novel device 
might reduce mechanical shortcomings of lumbosacral fixation 
using S1-pedicle screws while avoiding the drawbacks of 
transiliosacral fixation in selected cases that do not need 
lumbopelvic stabilization. 
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Introduction: AIS pts w/ Lenke 2 curve are characterized by a 
structural double thoracic curve (MTC) w/ the proximal thoracic 
curve (PTC) not bending <25°. Some surgeons advocate PTC 
inclusion is necessary to balance shoulders. But, there are 
conflicting data and studies focusing on Lenke 2 curves are scant. 
The number of pts w/ sign. postop shoulder height difference 
(SHD) or trunk shift (TS) is as high as 30%. The purpose of this 
study was to determine parameters that provide successful 
balancing of the trunk and shoulders.  
Material/Methods: Bi-center effort to analyze a consecutive 
series of 158 Lenke 2 curves. Follow-up was 24 mo. Serial 
radiographs were analysed for the MTC, PTC and lumbar curve 
(LC), SHD, clavicle angle, T-1 tilt, lowest instrumented vertebra 
(LIV), C7-central sacral vertical line (CSVL), sagittal vertical 
axis (SVA) and whether the PTC was included in the fusion 
(+PTC-group,n=60) or not (-PTC-group,n=98). In the -PTC 
group 32% had ASF, 68% had PSF. In the +PTC-group 100% 
had PSF. Compensatoric mechanisms for SHD were studied in 
detail. Adding-on distally was defined as increase of LIV-tilt 
>3°.Stepwise regr. analyses were performed to establish 
parameters that lead to successful surgical outcome (SSO), 
defined as ‘SHD<1.5cm,CSVL≤2cm & LC<25°’ at follow-up. 
Results: Main radiographic results are summarized in table1. 
Follow-up LC was on av.11° > LC-bending (p<.01). At follow-
up sign. differences betw/ +PTC- and -PTC-group existed for 
PTC (24°/28°,p<.01), PTC-correction (42%/29%,p<.01), rate of 
loss of MTC>5° (27%/53%,p<.01), and spontaneous LC-
correction in pts w/ selective thoracic fusions (STF) 
(n=126;80%/93%,p=.04). The number of pts w/ new trunk-shift 
(CSVL>2cm) was 9 (6%): 7 in the -PTC- vs. 2 in the +PTC-
group (p=.03). Utilization of compensatoric mechanisms 
(83%/99%,p<.01) and adding-on (20%/35%,p<.05) occurred 
more often in the -PTC- vs the +PTC-group. Statistics showed 
postop SHD improvement in both the +PTC- and -PTC-group 
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(fig.1). Only in the -PTC-group a sign. change betw/ postop and 
follow-up existed (p=.02). 
Analysis of all 158 pts showed that 25% had a follow-up 
SHD≥1.5cm. Statistics identified a preop ‘left shoulder up’ 
(OR=5.7,p<.01) and preop CSVL (OR=0.94,p=.03) predictive for 
follow-up SHD≥1.5cm (correct prediction:69%). A statistical 
model only for the -PTC-group showed 9 parameters highly 
predictive for a follow-up SHD≥1.5cm w/ highest prediction 
strength for a PTC>40°(OR=25.4,p=.01), a preop ‘left shoulder 
up’(OR=20.2,p<.01,fig.2) and ASF(OR=11.4,p=.02) (correct 
prediction:81%). Subgroup analysis of 148 pts w/ STF showed 
that SSO sign. correlated w/ postop MTC-correction(%) 
(OR=0.94,p<.01) and a preop ‘left shoulder up’ was a strong 
predictor for SHD≥1.5cm at follow-up (OR=6.1,p<.01). 
Comparison of +PTC- and -PTC-group in 158 pts revealed sign. 
differences in baselines characteristics for the preop MTC-
flexibility (49%/41%,p<.01). To account for the differences, 49 
matched-pairs could be established. Postop differences remained 
sign. betw/ the +PTC and -PTC-group for the PTC 
(28°/21°,p<.01), MTC (30°/26°/,p=.03) and the rate of loss of 
MTC>5° (27%/53%,p<.01). 
Conclusion: The study highlights that in Lenke 2 curves 
prediction of a successful outcome depends on multiple variables, 
in particular the preop left shoulder up, PTC>40°, MTC-
correction, and approach. Our study enables recommendations 
based on a large sample analysis when to include the PTC. It 
stresses that future studies have to focus on large samples to 
refine predictors for SSO in Lenke 2 curves. 
 
Fig. 1 
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Introduction: Ankylosing spondylitis (AS) is a chronic 
inflammatory arthritis, which primarily involves the axial 
skeleton. Severe thoracolumbar kyphotic deformity is a common 
condition in the later stage, resulting in sagittal imbalance and 

impairment of the ability to look ahead seeing the horizon. The 
aim of this work was to evaluate the radiological and clinical 
outcomes of surgical correction by anterior thoracoscopic release 
with posterior correction and instrumentation after 10 years. 
Methods: A prospective study between 1997-2002 included 20 
patients with thoracolumbar hyperkyphosis in AS, corrected in 
our institution by anterior osteotomy and fusion using video 
assisted thoracoscopic surgery (VATS) in prone position with 
simultaneous posterior correction in same setting. Four patients 
were lost to earlier FU. Sixteen patients (14 males and 2 females) 
presented at least after 10 years of surgery. Pre- and 
postoperative and last FU radiographs were done to evaluate 
sagittal balance, thoracic kyphosis, thoracolumbar junction angle, 
lumbar lordosis and pelvic inclination. Mean FU was 11.5 years. 
Results: Preoperatively, one patient had mild weakness Frankel 
grade D, the others were neurologically free. The mean age at 
operation was 46 years. Main presenting symptom was the 
patients’ lack of horizontal gaze. One patient presented with 
severe pain (Anderson fracture). Mean chin-brow angle was 
47.3º, thoracic kyphosis 60.2º, thoracolumbar junction angle was 
kyphotic 11.7º, lumbar lordosis 20º, sagittal imbalance 100.2 mm 
and pelvic inclination 33.1º. Surgical results. Operative time 321 
minutes, blood loss 1505 mL. Intra-operative complications 
occurred in three patients (two with dural tears and one pedicle 
fracture). Postoperative complications included one case of 
muscular weakness Frankel grade C that improved to grade E at 
the final FU. The Correction achieved by surgery was: increase in 
patient height 7.6 cm, decrease in thoracic kyphosis 15.1º, 
correction at the osteotomy level 20.2º (lordotic correction), 
lumbar lordosis increased by 25º, improvement in chin-brow 
angle by 26.2º, pelvic inclination improvement of 4.7º and 
improvement of sagittal imbalance by 72.6 mm in average. Two 
patients have been reoperated; one due to pseudoarthrosis and the 
other due to implant failure and progressive loss of correction. At 
last FU, segmental loss of correction was only 0.6º. Thoracic 
kyphosis increased by 7.6º with a minimal loss of lumbar lordosis 
(4°). Sagittal balance decreased by 2.5 mm and the pelvic 
inclination decreased by 1.3º. Patients’ height decreased by 0.9 
cm in average, and chin-brow angle by 2.4°. Subjectively, all 
patients were very satisfied because of marked improvement of 
the ability to look ahead as well as the respiratory functions. 
Conclusion: The video assisted thoracoscopic surgery in prone 
position enables better correction of the thoracolumbar deformity 
and can successfully save operative time through saving 
positioning and draping time and also allows simultaneous 
exposure of the spine anteriorly and posteriorly. Long-term 
results encourage surgical correction and prove that radiological 
loss of correction was minimal and functional outcome was 
satisfactory. 
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Introduction: Failure to select the appropriate lowest 
instrumented veretebra (LIV) in thoracolumbar/lumbar (TL/L) 
curves can result in adding-on in the lumbar curve (LC) or the 
need for fusion extension due to a decompensating thoracic curve 
(TC). Because prior studies merely focused on gross curve 
resolution and related factors, selection criteria predicting an 
optimal outcome (OO) still have to be refined. The objectives of 
the current study were to identify risk factors for failure and 
predictors of OO. 
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Material/Methods: Retrospective review of all patients (n=245) 
with AIS that had anterior SLF for TL/L curves. OO was defined 
by a target LC≤20° and target TC≤30°. The distance of LIV to 
SV was recorded. An increase of LIV adjacent segment disc 
(ASD) tilt ≥5° was defined as adding-on. An increase of the 
preop TC until follow-up (f/u) was defined as ‚TC 
decompensation’. Stepwise univariate and multivariate linear and 
logistic regression analyses were performed to identify criteria 
predicting target LC and TC. 68% of pts had LIV at SV+2 (=2 
levels above Stable Vertebra), 28% of pts had the LIV at SV+1. 
Results: Patients’ age averaged 17yrs, fusion length 4.6 levels 
and f/u 32 months. Preop LC was 49±14°, LC-bending 22±13° 
(57±18%), and follow-up LC 25±10°. LC-correction was 
59±17% (p<.01). Preop TC was 39±13°, TC-bending 21±12° 
(48±21%), and follow-up TC 29±13°. TC-correction was 
32±19% (p<.01). Preop L4 take-off angle (L4-TO) was 21±7° 
and at f/u 10±6° (p<.01). Preop C7-CSVL was 2.2±1.2cm and at 
f/u 1.2±1cm (p<.01). Preop ASD-tilt was 5±4° and at f/u 6±4° 
(p<.01). At follow-up, 85 pts (35%) had a LC≤20°, 110 pts (45%) 
had TC≤30°, and 131 pts (53%) had L4-TO≤10°. The follow-up 
LC and a LC≤20° was predicted by LC-bending (p<.01,r=0.61), 
preop LC (p<.01, r=0.59) and preop TC (p<.01,r=0.56). A 
LC≤20° was less likely with a LC-bending>30° (p<.01), a preop 
LC>50° (p<.01) and a TC-bending>30° (p<.01). Reduction of 
LC-bending by 14° doubled the chance to achieve a target 
LC≤20° (p<.01,OR=1.06).The logistic regression model showed 
that pts with a LC-bending<20° and a preop LC<45° had a 
chance of >75% to achieve a target LC≤20° (p<.01,preop 
LC:p=.037,OR=1.04; LC-bending:OR=1.06). The magnitude of 
the follow-up L4-TO was largerly influenced by the follow-up 
LC (p<.01,r=0.5). 
At follow-up TC≤30° was predicted at best by the preop TC 
(p<.01,r=0.8;OR=1.2) and the TC-bending (p<.01,r=0.8; 
OR=1.06) with the logistic regression model revealing a correct 
prediction in 84% of cases. 20 pts (8%) required late posterior 
surgery for adding-on (9), TC decompensation (5) or non-union 
(9). Pts achieving target LC≤20° had significantly reduced risk 
for failure (p=.01). Selecting a LIV at SV+1 vs. SV+2 
significantly increased the chance to achieve target LC≤20° 
(p=.01) and reduced the risk of adding-on (p<.01). Predictors for 
failure also included a preop LC (p=.02; OR=0.97), TC-bending 
(p<.01), and preop TC (p=.01). Increase of preop TC by 14° 
doubled the risk for revision (OR=0.95,fig.1), a cut-off in the 
failure risk analysis could be established at 38° TC 
(sensitivity:70%/specificity:60%). Also, a significant cut-off for 
risk of adding-on could be established at a ASD-tilt <3.5° 
(specificity:71%/sensitivity:86%). 
Conclusion: A high chance to achieve OO, a target ≤20°, and 
low risk for revision was dependent on LC-bending, preop LC 
and preop TC, a LIV at SV+1 with a rather horizontal ASD-tilt. 
Our risk model analysis can support selection of save LIV to 
achieve target LC. Data were not previously presented. 
 
Fig. 1 

 

V 46 
How many cases of spinal surgery are carried out in 
Germany? 
*S. Sauermann1, F. Meyer2, R. Sobottke3 

1Medtronic GmbH, Reimbursement & Health Economics, 
Meerbusch, 2Evangelisches Krankenhaus Oldenburg, 
Neurochirurgie, Oldenburg, 3Medizinisches Zentrum 
StädteRegion Aachen, Zentrum für Orthopädie und 
Unfallchirurgie, Würselen 
 
Introduction: In the current debate on health care in Germany, 
the increasing number of patients in the inpatient sector plays a 
significant role. Increasesare reported, amongst other things, 
where surgical spinal therapies are concerned. This is attributed 
to different factors. Of particular significance as regards the 
surgical spinal therapies, are the economic incentives in the 
German Diagnostic Related Groups System (G-DRG System), a 
lack of indication standards, medical progress and the 
marketability of the various different therapies. For certain 
indications (scoliosis), rates of increase are reported of 1,230%. 
The current debate on the rates of increase and their probable 
causes leads to skepticism towards spinal therapies amongst the 
referrers, patients and those bearing the costs. A necessary 
requirement for an objective discussion are plausible case figures 
and the rates of increase derived from them. Therefore, the 
purpose of this paper is to show the development in the case 
figures using a plausible method. 
Material/Method: In a multi-stage process, the Diagnostic 
Related Groups (DRGs) in the German Diagnostic Related 
Groups (G-DRG) versions of 2003 to 2012, that are relevant for 
spinal surgeries, were identified. Using the data published 
annually by the InEK [German Institute for the Hospital 
Remuneration System] in accordance with § 21 KHEntgG 
[Hospital Remuneration Act], the cases were counted on DRG 
basis and year. Since the allocation of the cases to the DRGs also 
changes from year to year due to the further development of the 
G-DRG system, the case figure was not determined for each 
individual DRG but as the sum of all the cases of all the spinal 
DRGs. It is thus assumed that spinal cases can shift from year to 
year from one DRG to another, but that they always remain in the 
DRGs specific to the spine, and thus the total figure of spinal 
cases is always determined. 
Results: Relevant DRGs for spinal surgeries were identified in 
the Major Diagnostic Categories (MDCs) 01 and 08, whereby 
those of the MDC 08 are combined to a small extent, or not at all 
with other cases. In the category MDC 08, 169,940 cases were 
identified in the data from 2002, and 234,152 in the data from 
2011. For all the relevant DRGs, the case figure was 214,315 in 
2002 and 307,916 in 2011. This is equivalent to growth rates of 
38% (MDC 08) or 44% (for all the DRGs). During the same 
period, the number of conservatively treated spinal cases (DRG 
I68) of 253,082 in the data of year 2002, increased to 366,181 in 
2011 (45%). 
Discussion: The results shown here deviate clearly in a 
downward direction from the figures published on this issue until 
now. There are restrictions with this method, which can lead to 
an underestimation of the development of the case figures. 
Although no clear evidence is provided of lesser increases in the 
case figures, the parallel increase in the conservatively treated 
cases indicates, however, that the number of spine diseases in the 
inpatient sector has altogether increased and the increase in the 
number of surgical cases is largely a consequence thereof. 
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Introduction: A user of the Spine Tango register can easily 
compare his data with the rest of the pool. The comparison of raw 
data may not adequately consider this case mix and therefore 
statistical models could be necessary which adjust the surgeon’s 
patient population and that of the benchmark for important 
predictors of the respective event. We aimed at comparing raw 
data and adjusted data for an individual center of the Spine Tango 
and adjusted data with comparable clinics in the pool for the 
event dura lesion in lumbar spinal stenosis. 
Material/Method: Inclusion criterion was a lumbar spinal 
stenosis with posterior decompression (deco) surgery. A total of 
9545 patients was identified: n=645 from the individual center, 
n=1962 from five international comparable clinics and n=6938 
from all other Spine Tango participants. The target variable was a 
dural lesion that required a surgical repair. 
A comparison of raw data was performed as a first step. Then, a 
multivariate logistic regression was applied to adjust for general 
and previously analyzed predictors of dural tears like patient age 
and gender, previous surgery (yes/no), extension of lesion (1/2-
3/4-5/≥5 segments) and type of surgical treatment (deco only/ 
deco with instrumented fusion). 
Results: The raw dural lesion rate was higher in the single center 
(11.2%), than in the comparable centers (6.6%). The multivariate 
regression analysis revealed several significant predictors for the 
outcome. Deco alone had an odds ratio (OR) of 1.65 (CI95% 1.1-
2.4) for a dural lesion compared with deco and instrumented 
fusion. Patients with previous surgery had a 1.67 OR (1.2-2.3) for 
a dural lesion compared with those without. Larger extensions of 
lesion had a 1.65 OR (1.2-2.4), 1.84 (1.1-3.2), and 4.06 (1.8-9.1) 
for 2-3, 4-5, >5 segments compared with 1-2 segments. After 
adjustment patients from the single center and the comparable 
clinics had similar (single center OR 1.59, 1.0-2.5; reliable clinics 
OR 1.63, 1.1-2.3) odds for dural lesions, compared with the 
Spine Tango Pool (OR=1). 
Conclusion: The dural lesion rate in the single center and 
comparable centers were not significant after adjustment while 
there was a big difference without adjustment. This means that a 
casemix adjustment is necessary if single center data are 
compared with the rest of the pool. Deco alone, previous spinal 
surgery and larger extension of lesion were revealed as 

significant predictors for relevant dural lesions in spinal canal 
stenosis surgery in the Spine Tango dataset. 
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Introduction: Symptomatic lumbar disc herniation is a well-
accepted surgical indication for decompression, yet the optimal 
timing for such surgery remains unclear, given the likelihood for 
spontaneous symptomatic improvement. We hypothesized that 
there is a difference in the outcomes observed following 
decompression surgery dependent on theduration of previous 
conservative treatment (none,12 months). 
Material/Methods: Spine Tango, the nonprofit International 
Spine Registry of EuroSpine currently contains more than 40,000 
spinal surgical procedures; at point of time 9,000 cases are fully 
documented with pre- and postoperative patient- and physician 
based assessment. This study examined 2,176 cases of single 
level lumbar disc herniation that underwent surgical intervention. 
Pre- and post-operative patient-based assessment of leg and back 
pain indicated on a Visual Analogue Scale (VAS) from 0 to 10 
and the back specific Core Outcome Measures Index (COMI) 
were recorded. Additional physician-based documentation 
including surgical treatment (specification of main pathology, 
detailed procedure description, surgical time, intra- and post-
operative complications, blood loss, and length of hospital stay) 
and a physician-based follow-up assessment were recorded. 
Descriptive statistics and multivariate logistic regression were 
used to analyze pre to post-operative patient-based VAS values 
for leg, VAS for back pain and COMI scores for the whole group 
and for four cohorts with differing periods of conservative care.  
Results: The duration of previous conservative treatment, 
stratified as outlined, did not have any influence on the ultimate 
outcomes. There were no statistically or clinically significant 
differences in leg pain relief, back pain relief or COMI score for 
the four different time periods of conservative care. The 
individual results for the groups are for back pain relief: 2.4, 1.9, 
1.8, 2.1, 2.4 (p>0.05); for leg pain relief: 4.0, 3.9, 3.8, 4.1, 4.1 
(p>0.05); for COMI: 3.3, 3.2, 3.1, 3.4, 3.4, (p>0.05). 
Discussion: Due to spontaneous symptomatic recovery in 
patients with lumbar disc herniation, surgical decision making is 
still a challenge. This study demonstrated significant 
improvements in standardized outcomes following surgical 
discectomy that wereindependentof the duration of conservative 
care. These findings have to be confirmed in more controlled 
study environment. 
 
Fig. 1 
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Introduction: Due to a lack of evidence, uncertainty remains 
concerning the optimal timing for surgical treatment of unstable 
thoracic and lumbar spine injuries. The purpose of the present 
study was to analyze the data of TraumaRegister DGU® to 
examine the outcome of early and late surgical stabilization of 
relevant spine injuries in severely injured patients. 
Material and Methods: Data sets of the years 1993-2010 were 
analyzed. All patients with an ISS ≥ 9, subsequent treatment ≥ 7 
days, age ≥ 16 and thoracic or lumbar spine injuries were 
included. Patients with relevant spine injuries classified as 
AISSpine ≥ 3 were analyzed in terms of whether they got early 
(< 72 h) or late (> 72 h) surgical treatment due to unstable spinal 
column fractures. 
Results: 1.503 patients who sustained thoracic spine injuries 
(AISSpine ≥ 3) so as 1.219 patients who suffered from lumbar 
spine trauma classified as AISSpine ≥ 3 were analyzed. 68.3% 
respectively 72.6% of these patients received an early thoracic 
respectively lumbar spine fixation. With an increase in spinal 
injury severity an increase in early stabilization in the thoracic as 
well as in the lumbar spine was seen. Early surgical stabilization 
lead to significantly shorter hospital stays, shorter ICU stays, 
fewer days on mechanical ventilation and a lower rate of sepsis. 
Conclusion: The results of this study provide further support to 
the emerging literature and professional consensus regarding the 
importance of early stabilization of traumatic spinal fractures. 
Results of the present analysis give a hint that early surgical 
stabilization can lead to significantly shorter hospital stays, 
shorter ICU stays, fewer days on mechanical ventilation, and 
therefore, an estimated lower incidence of pulmonary 
complications, thereby resulting in a lower rate of sepsis. 
Objectifiable disadvantages of early spine stabilization could not 
be seen. 
Although some patients may require delay due to necessary 
medical improvement, the results of the present study suggest 
that every reasonable effort should be made to avoid causeless 
delays in treating this category of patients. 
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 Introduction: A Randomized Controlled Trial (RCT) is 
currently considered to be the "gold standard" for verifying the 
effectiveness of a procedure, and as the first step in generating 
evidence (Can it work?). On the other hand, a Register Study that 
evaluates the suitability of a method in daily clinical practice 
(Does it work?) could supply "valuable" results at the same time. 
The question is whether RCTs could be dispensed with 
completely if a Spine Register existed? 
Method: A literature analysis was carried out using PubMed, and 
a comparison was also made of the informative value of an RCT 
versus that of a Register, whereby the following aspects were 
examined:- relevance, internal and external validity, level of 
evidence, duration, focus, early warning, coverage, 
benchmarking, quality assurance, work input and costs. 
Results: Whereas the internal validity (methodological quality) is 
considerably better for an RCT, the external validity 
(transferability of the findings) of a register must be rated higher. 
An RCT is of very specific relevance to a procedure, whereas a 
register enables its "broader" verification in daily clinical 
practice. The level of evidence that can be reached by an RCT is 
considerably higher than that of a register. The focus of the RCT 
is narrow, and that of the register is broad; an early warning is 
only possible in the register and the coverage (number of 
participants) of a register is considerably broader than that of an 
RCT. A benchmark evaluation is more likely to be possible with 
a register, in the same way as the internal/external quality 
assurance. The work input involved in an RCT is to be rated as 
very high, as well as the costs. 
Discussion and conclusion: Both the RCT and Register Studies 
have their advantages, disadvantages and justification in the 
evolution for finding the current best evidence. Registers are not 
a substitute for an RCT; however, under certain circumstances 
they can provide information about a therapy more quickly than 
an RCT ("Does it work" becomes apparent before "Can it work" 
is proved). Therefore, the inclusion of various different therapies 
in the register must be appropriately monitored. The register is 
not an experimental substitute platform for new therapies of all 
kinds. However, a register can supply fundamental hypotheses 
for new RCTs, in order to enable issues to be formulated more 
exactly and the absolute quantity of the RCTs to be reduced. 
Fig. 1 
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Introduction: Progressive degeneration and apoptosis of NP 
cells is the hallmark of degenerative disc disease (DDD), a 
common cause of spinal pain, neurological impairment and 
disability. However strategies that may stop or even reverse this 
complex process remain elusive. A minimally invasive method 
through which nucleus pulposus (NP) homeostasis and 
preservation of NP cell viability could be achieved would 
revolutionize the treatment of DDD. The naturally occurring 
chondrodystrophic canine subspecies (“CD canine” such as 
beagles) spontaneously develop DDD and their NP consists 
almost entirely of “NP” cells with few if any notochordal cells 
(similar to humans). The non-chondrodystrophic canine (“NCD 
canine” such as mongrels) on the other hand very rarely develop 
DDD. Their notochordal cell-rich NP appears to offer protection 
from the development of the disease. With the presented work, 
we have investigated the ability of NCD canine intervertebral 
disc (IVD)-derived notochordal cell conditioned medium 
(NCCM) and CD canine IVD-derived conditioned medium 
(CDCM) to protect human NP cells from IL-1ß + FasL-and 
Etoposide-mediated apoptosis. To answer that question, we 
evaluated the influence of NCCM and CDCM on activated 
caspase-8, -9 and -3/7 activity. 
Materials and Methods: We developed NCCM and CDCM 
from hypoxic culture of freshly isolated NPs from NCD and CD 
canines respectively. Human NP cells were obtained from 8 
patients who underwent surgery for discectomy. The cells were 
cultured with Advanced DMEM/F-12 (as controlmedia), NCCM 
or CDCM under hypoxic conditions (3.5% O2) and treated with 
IL-1ß+FasL or Etoposide (a well-reported anti-cancer drug 
known to induce cellular apoptosis). All media were 
supplemented with 2% fetal bovine serum (FBS). We then 
determined the expression of specific apoptotic pathways in the 

human NP cells by characterizing the expression of activated 
caspases-3, -8 and -9 (Glo-Alert assay Promega). 
Results: NCCM inhibits IL-1ß+FasL- and Etoposide- mediated 
cell death and apoptosis via suppression of activated caspase-3/7 
(p<0.001, Fig A3). Caspase-8 and -9 are only suppressed in the 
Etoposide treated cells (p<0.001, Fig A1/2). 
CDCM inhibits IL-1ß+FasL- and Etoposide- mediated cell death 
and apoptosis via suppression of activated caspase-3/7 (p<0.001, 
Fig A3). Caspase-8 is suppressed only in the Etoposide treated 
cells (p<0.05), Caspase-9 is not affected (Fig A1/2). Overall, the 
suppression seems to be not as effective as with NCCM. 
Conclusion: IL-1ß+FasL are key molecules in the progression of 
DDD. Here we demonstrate that soluble factors secreted by the 
NCD IVD NP strongly protect human NP cells not only from IL-
1ß+FasL- but also from Etoposide-induced apoptosis via 
suppression of activated Caspase -8, -9 and -3/-7. 
A better understanding and harnessing of the restorative powers 
of the notochordal cell could lead to novel cellular and molecular 
strategies for the treatment of DDD. 
 
Fig. 1 

 
 
V 52 
Disc Degeneration - Result of a Slow Virus Infection? 
*S.M. Knoeller1, M. Panning2, T. Wolter3, O. Hauschild1, 
N.P. Suedkamp1 

1Univ.- Klinik Freiburg , Klinik für Orthopädie und 
Unfallchirurgie, Sektionsleiter Wirbelsäulenchirurgie, Freiburg, 
2Univ- Klinik Freiburg, Institut für Hygiene, Freiburg, 3Univ.- 
Klinik Freiburg, ISZ, Freiburg 
 
Introduction: Genesis of disc degeneration is a multifactorial 
event, as of late the presence of virus in the discs is discussed as a 
promoter for disc degeneration analogue to the observation in the 
knee joint PARVO B19 virus leads to the production of catabolic 
enzymes and inflammatory cytokines with the result of 
inflammation and destruction of the cartilage and promotion of 
arthrosis. A recent study revealed HSV1 and HSV2 viruses in a 
high percentage in disc material of 16 patients gained in disc 
surgery because of herniated disc in patients aged between 17 
and 65 years with a control of 2 discs gained in vertebral fracture 
surgery, disc degeneration in these two cases were not indication 
for surgery, there were no further informations about age and sex 
of these probands. The paper concluded that the presence of HSV 
can be a contributing factor to the pathogenesis of degenerative 
disc disease. Aim of the present study was to update and upgrade 
of the present literature and to improve the knowledge of the 
impact of the presence of viruses in human discs and the 
correlation to the development of disc degeneration. A total of 
100 consecutive patients who underwent disc surgery or spinal 
fusion including disc removal because of disc degeneration were 
included. Diagnoses were acute disc herniation, 
spondylolisthesis, spinal stenosis and spinal fusion because of 
failed back syndrome. Preoperative imaging included x-ray and 
MRI in all patients.Control group consisted of correction of 
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idiopathic scoliosis age 11-16 years. PCR screening for Herpes 
Simplex Virus type 1 (HSV1), Herpes Simplex Virus type 2 
(HSV2), Cytomegalievirus (CMV), Varizella Zoster Virus, 
Epstein Barr Virus, Human Herpes Virus 6,7,8 and PARVO B19. 
To exclude and acute or chronic viral infection, blood PCR und 
mRNA control took place. The study design passed our ethics 
commission (483/12). 
Results: In 40% of specimens PARVO B19 occurred, there was 
statistically no difference between the study- and the control 
group. HSV1 and 2 were not found, nor in the study and not in 
the control group. In the blood tests the well known high 
percentage of infections were documented. 
Following our results, a correlation between PARVO B19 
infection and the appearance of DDD must be negated, no 
significance in both groups came to view. 
Results of studies, describing a coherence between HSV1 and 2 
infections and the occurence of DDD following our results, can 
not be supported. 
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Introduction: Osteoporotic vertebral compression fractures 
(OVCF) are associated with an increased morbidity, mortality 
and thus a reduced quality of life for those affected. Analyses 
have shown a greatly increased mortality risk compared to 
healthy individuals. (Lau et al. 2008). Aside from conservative 
treatment methods, percutaneous vertebroplasty (PVP) and 
Balloon kyphoplasty (BKP) have become the focus of research 
and clinics. Regarding these methods, a US study was able to 
prove a reduced mortality risk of 37 % compared to conservative 
methods (Edidin et al. 2010). Furthermore, a study in 2012, came 
to the conclusion, that the costs for a PVP-patient compared to a 
BKP-patient were 3,157 $ higher two years after the operation 
(Ong et al. 2013). Corresponding analyses are lagging for 
Germany. Thus, the objective of this study is to analyze the 
influence of treatment methods on the survival time and the costs 
of incident OVCF-patients for a German context. 
Method: Claims data from the AOK Niedersachsen (2005-2010) 
was applied to answer the research question. The influence of 
treatment methods on survival time and mortality risk was 
compared based on Kaplan-Meier-Curves and Cox-regression. 
Furthermore, BKP-patients were matched to PVP-patients 
according to their respective Propensity Score; the survival time 
and the costs were compared. The costs were assessed from the 
perspective of the German social health insurance. 
Results: 3,607 patients with OVCF were identified, out of those, 
598 were treated surgically. The data revealed a reduced 
mortality risk of 43 % for the operated cohort (BKP and PVP) 
compared to patients with a conservative therapy after five years 
(HR=0.57; 95% CI: 0.48-0.70; p<0.001). Moreover, a higher 5-
year-survival probability was determined for BKP-patients 
compared to PVP-patients (58.7 % vs. 66.7 % p=0.68). The study 
showed, that the cumulative costs were lower for BKP-patients 
than for PVP-patients after four years (39,014 € vs. 42,510 €). 
The initial high cost in the inpatient sector for the BKP-cohort 
was overcompensated with distinctly lower expenditures for 
drugs from the second year on after the operation in comparison 
to the PVP-cohort. Furthermore, substantial differences can be 
shown for expenditures on painkillers (ATC N02, PVP: 3,321 € 
vs. BKP: 2,224 €). 
Conclusion: The results show a distinctly higher mortality risk 
for non-operated patients compared to operated patients. 
Therefore, the ongoing political discussion about too many spinal 

operations must be scrutinized critically in this context. 
Enhancing healthcare research, e.g. based on register data, could 
help to have an evidence based discussion and debate on the 
usefulness of operations for spinal fractures. 
Edidin AA, Ong KL, Lau E, et al. Mortality risk for operated and 
nonoperated vertebral fracture Patients in the Medicare 
Population. J Bone Miner Res. 2011;26: 1617-26. 
Lau E, Ong KL, Kurtz SM, et al. Mortality following the 
diagnosis of a vertebral compression fracture in the Medicare 
population. J Bone Joint Surg Am 2008;90: 1479-86. 
Ong KL, Lau E, Kemner JE, et al. Two-year cost comparison of 
vertebroplasty and kyphoplasty for the treatment of vertebral 
compression fractures: are initial surgical costs misleading? 
Osteoporos Int 2013;24: 1437-45. 
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Introduction: A retrospective evaluation of Lenke Type 3C and 
6C curves in adolescent idiopathic scoliosis was performed on 
the basis of radiometric an clinical parameters with focus on the 
last instrumented lumbar vertebra. 
Material/Methods: In a retrospective cohort study 48 patients 
with idiopathic adolescent scoliosis Lenke type 3C and 6C were 
included, who underwent posterior correction and 
instrumentation either down to L3 (L3-group) (f=19,m=5;mean 
age=15.3 y) or down to L4 (L4-group) (f=17, m=7; mean 
age=16.0 y). Radiometric and clinical parameters were evaluated 
preoperatively, postoperatively and at final follow up (FU) (FU 
~39,5m). Particularly, the L3- and L4-tilt as well as the L3/4 and 
L4/5 wedging were determined. Subjective satisfaction at FU was 
assessed using SRS-22 questionnaire (The feedback was 68.8%). 
Statistical analysis was performed using the Student’s T-Test. 
Results: Both groups included each 9 patients with Lenke type 
6C and 15 with Lenke type 3C curves. In both groups L5 was on 
average the lumbar neutral and stable vertebra. Preoperatively, 
lower lumbar end vertebra was L3 in the L3-group and L4 in the 
L4-group. The lumbar Cobb-angle reduced significantly from 
58.0° before surgery to 24.6° postoperatively (27.4° at FU) in the 
L3-group (p<0.001) and from 63.5° before to 20.8° after surgery 
(19.5° at FU) in the L4-group (p<0.001). Mean coronal left-sided 
imbalance improved from 25 mm before surgery to 12 mm at FU 
in L3-group (p<0,001), resp. from 17 mm to 11 mm in the L4-
group (p=0.185). The average L3-tilt reduced from 23.5° pre- to 
8.3° postoperatively and 9.3° at FU in the L3-group (p<0.001) 
and from 20.5° to 5.9° and 3.9° at FU in the L4-group (p<0.001). 
The mean L4-tilt reduced from 20.3° pre- to 10.8° 
postoperatively and 11.6° at FU in the L3-group (p<0.001) and 
from 21.1° to 6.0° and 4.1° at FU in the L4-group (p<0.001). 
L3/4 wedging changed from 2,7° to the right before surgery to 
3.3° to the left at FU in the L3-group (p<0.001) and from 1,1° left 
before to 0.0° at FU in the L4-group (p=0.405). 
Mean L4/5 wedging changed from 2.1° on the right before 
surgery to 2.9° on the right at FU in the L3-group (p<0.001) and 
from 1,4° on the right before surgery to 0.3° on the left at FU in 
the L4-group (p<0.001). Back pain was found at FU in 6 cases 
(3x lumbar) in the L3-group and in 7 cases (2x lumbar) in the L4-
group. There was no significant difference in the results of the 
SRS-22 between both group, both groups reached 80 points. No 
degenerative changes were found on FU radiograph in the lower 
lumbar segments. 
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Conclusion: In all cases in both groups the last instrumented 
lumbar vertebra was chosen to be the lower end vertebra, 
although the neutral and stable vertebra were located more 
caudally. The instrumentation down to the lower end vertebra 
revealed very satisfying results. Interestingly, the correction of 
L3 resulted in a slight, but significant overcorrection of the L3/4 
wedging in the L3-group. If L3 can be chosen as last 
instrumented lumbar vertebra, compression on the convex side 
between L2 and L3 should be limited to prevent an 
overcorrection of the intervertebral disc L2/3. 
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Introduction: Degenerative lumbar central stenosis with 
compression of neural structures may lead to clinical symptoms 
as neurogenic claudication with radicular signs. Spinal 
decompression can reduce symptoms of neurological deficits in 
lumbar spinal stenosis. In this respect, decompression, fusion or a 
combination of the two procedures are to be considered due to 
the possible leg and back symptoms. The use of microsurgical 
techniques has reduced tissue damage and its consequences. The 
goal of this prospective, randomized, controlled study was to 
compare the surgical results in degenerative lumbar central 
stenosis with full-endoscopic interlaminar bilateral technique 
with unilateral approach (FI) with those of a conventional 
microscopic-assisted technique (MI). 
Material/Methods: 160 patients with clinically-symptomatic 
degenerative lumbar central stenosis underwent surgical 
decompression. 80 Patients were operated in full-endoscopic 
interlaminar bilateral technique with unilateral approach in over-
the-top technique (FI) and 80 Patients with conventional 
microscopic-assisted bilateral laminotomy technique (MI). 
Inclusion criteria were monosegmental central stenosis with 
predominant leg symptomatic, neurogenic claudication with or 
without paresis, back pain max. 20/100 on the VAS, conservative 
therapy exhausted or no longer indicated due to the symptoms. 
The full-endoscopic operation was performed with 9.9-mm 
endoscopes with 6.1 intra-endoscopic working canal. The follow-
up was 24 months. 135 patients were followed. Additionally to 
general parameters validated scores were used. 
Results: 72 % of the patients had postoperatively no longer leg 
pain or it was nearly complete reduced. 21.2 % had occasional 
pain. The clinical results were similar in both groups. The rate of 
complications and revisions was significantly reduced in the FI 
group. 11 Patients showed transient postoperative dysaesthesia (7 
x MI, 4 x FI), 4 Patients had transient urinary retention (3 x MI, 1 
x FI), Dura injuries occurred in 5 Patients (4 x MI, 1 x FI); 3 
Patients (2 x MI, 1 x FI) showed a increase in preoperatively-
existing foot dorsiflexion paresis. One Patient (MI) required 
revision because of epidural haematoma, 5 Patients delayed 
wound healing (5 x MI). Apart from transient dysaesthesia and 
transient urinary retention, the complication rate was 8.8 % (MI = 
12,5 %, FI = 5 %) and was significantly higher in the MI group 
(p < 0.05). 4 patients (3 x MI, 1 x FI) required revision surgery 
due to persistent leg pain and/or progredient back pain, 3 (2 x MI, 
1 x FI) of these additionally underwent fusion. 

Conclusion: Within the indication criteria, the full-endoscopic 
interlaminar bilateral decompression with unilateral approach is a 
safe supplement and potential alternative to the conventional 
microscopic-assisted bilateral laminotomy-technique. The full-
endoscopic technique shows advantages in the following areas: 
operation, complications, traumatisation,  rehabilitation. It 
enables selective procedure with direct visualization, sufficient 
decompression and less traumatization of the access pathway and 
the spinal canal structures with all advantages of a minimally-
invasive intervention. 
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Introduction: Rotation of C1-2 (ROTC1-2) can account for 
>60% of absolute cervical rotation (cROT). Therefore, acquiring 
reliable data of ROTC1-C2 is essential in preoperative patient 
counseling for scheduled C1-2 fusion surgery, evaluations in 
expert opinion cases, and scientifically benchmarking treatment 
outcomes of fusion and motion preserving surgery C1-2. 
Material/Methods: Diagnostic study evidence level-I. The 
investigated sample included 20 healthy volunteers (10m/10f). 
Clinical assessment of bilateral cROT was conducted in upright 
sitting and that of ROTC1-2 with the head and neck in maximum 
flexed position. Measurements using orthopedic goniometer were 
performed thrice, means were used for statistical analysis. 
Dynamic MRI was selected as standard of reference. MRI was 
conducted in supine position with maximum bilateral neck and 
head rotation. Digital measurements were conducted thrice, 
means of absolute cervical rotation in MRI (cROT-MRI) and 
rotation of C1-2 (ROTC1-2-MRI) were calculated. The 
percentage C1-2 rotation contributing to absolute cervical 
rotation was calculated for clinical (%ROTC1-C2) and MRI 
(%ROTC1-2-MRI) results. Statistical analysis included Intraclass 
Correlation Coefficients (ICC),separate slope models and two 
sided Students t-test for correlation analysis, and Cohen’s Kappa 
coefficient for analysis of specificity and sensitivity of clinical 
assessment compared to the standard of reference. 
Results: Volunteers’ age was 34yrs(25-48), BMI 27±4. ICC was 
r=0.97. Clinically, cROT was 145±15° and ROTC1-2 85±13° 
(p<.05,r=0.7). On MRI cROT-MRI was 120±15° and ROTC1-
2MRI 66±10°(p<.05,r=0.6). %ROTC1-2 was 59±6% and 
%ROTC1-2MRI was 55±7%.The differences between clinical 
and MRI measurements were significant for cROT vs cROTMRI 
(p<.05) and ROTC1-2 vs ROTC1-2-MRI (p<.05). Differences 
between %ROTC1-2 and %ROTC1-2-MRI were not significant 
(p=.4;r=-0.2).Analysis of Cohen’s Kappa showed no predictive 
value for cROT(p=.9) and ROTC1-2(p=.6). BMD and age 
showed no influence on rotations. 
Conclusion: Correlation strengths for clinical and MRI 
assessment of absolute cervical and C1-C2 rotation was 
comparable (p<.05, r>0.6), but there were no significant 
correlations between cROT and cROT-MRI or ROTC1-2 and 
ROTC1-2-MRI. Notably, differences regarding the percentage 
rotation of C1-2 contributes to absolute cervical rotation were not 
significantly different between clinical and MRI assessment. 
Clinical evaluation allows approximation of percentage loss of 
C1-2 rotation of absolute cervical rotation in C1-2 fusions 
surgery. For accurate measures of C1-2 rotation, MRI and CT are 
mandatory. 
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Introduction: Spinal surgeries, such as the fusion of a spinal 
segment, the fusion of two spinal segments, pure spinal 
stabilization over one or two segments, etc., are characterized by 
a difference in the usage of resources, regarding the surgery, the 
length of stay and the material costs. Nevertheless, the grouping 
of these therapies has remained unchanged and undifferentiated 
in the G-DRG [German Diagnosis Related Groups] System (all 
I09C) for years. It is possible that this undifferentiated mapping 
is caused by an undifferentiated OPS coding. In this paper the 
investigation whether a PLIF (posterior lumbar interbody fusion) 
surgery can be clearly identified using the coded case data is 
therefore taken as an example. 
Material/method: Taking a PLIF surgery as an example, data is 
collected on OPS coding practices using a questionnaire with 
open and closed questions. The results of this evaluation are 
based on the comparison with a default coding pattern (see Fig. 
1) which, in turn, is based on the currently valid coding 
guidelines. 
Results: All in all, 87 participants at advanced training events on 
"Spinal Coding" received and filled in the questionnaire prior to 
the event. The questions on the OPS coding were answered by 
56% (49). The sample is composed of practicing physicians in 
different specialized fields (trauma surgery [4], neurosurgery 
[21], orthopedics [15]) who are responsible for the coding, as 
well as physician and non-physician medical controllers and 
coding assistants. Overall 42 different combinations of OPS 
codes result from the analysis, but none of these combinations is 
stated more than twice. The large majority (82% [41]) codes in 
such a way that the DRG I09C would result, which 78% (39) of 
the participants reach by coding the same key operation and 
procedure code (5-83b.50). Only 4% (2) comply fully with the 
sample coding. The deviations (mismatches) can be classified 
under five categories and relate to i) the access code , ii) the 
segments counted, iii) the type of fusion, iv) the coding of a 
discectomy and v) the use of bone substitute material (Fig. 2). 
Discussion: The results show that a PLIF surgery in the sample 
under investigation is coded differently and a clear identification 
of the cases on the basis of the operation and procedure codes is 
not possible. Besides effects on the remuneration, this is also of 
considerable relevance for statistical information as well as for 
quality assurance measures. Where questions of research on 
health care provision and statistically sound information are 
concerned, a Spine Register is required as a matter of principle. 
A repetition of the investigation is envisaged using a larger 
sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 
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Introduction: Para-/Tetraplegia due to non-traumatic spinal cord 
injury (NT-SCI) are especially caused by epidural tumor-related 
myelon cord compression. They occur with an increasing 
prevalence of about 30% of all SCI. Comparable with acute 
traumatic spinal cord injured patients also an increased morbidity 
and mortality due to bacterial infections is evident in this patient 
group. For traumatic SCI a "spinal cord injury (SCI) - induced 
immune depression syndrome" was detected. The aim of this 
study was to demonstrate a comparable immunological deficit for 
metastatic caused NT-SCI. 
Material/method: Since 01/2012 every patient with tumor-
induced NT-SCI undergone surgical therapy was prospectively 
included. The patient received 1: 0-31h, 2: 31-96h, 3: 5-9d, 4: 11-
28d, 5: 8-12we postop. serial identical blood samples (CD16 + 
NK cells, CD19 + B cells, CD3 + / CD4 + / CD8 + T cells, 
granulocytes, HLADR-monocytes, IFNμ, IL17, IL10, IL4, 
lymphocytes, monocytes, neutrophils) and were evaluated in 
terms of neurological. symptoms and infection using 
questionnaires and ASIA score. 
Results: In all 19 patients (f/m=7/12, 60 ± 13 years) NT-SCI was 
caused by spinal metastases (n = 1 terato, parotid gland, 
oropharynx, prostate, gastric and hepatocellular carcinoma, n = 3 
each breast and bronchial carcinoma, each n = 2 multiple 
myeloma and melanoma and sarcoma n = 3). Here in 3 pts. a 
neurolog. deficit ASIA A, in 5 pts. ASIA B, in 7 pts. ASIA C and 
4 pts ASIA D was detectable. ED between the primary tumor and 
occurrence of metastat. myelon cord compression was 52 ± 66 
months. In 13 pts a previouse chemotherapy and in 10 pts. a 
radiotherapy was performed before the onset of paraplegia. 9 
patients received neither chemotherapy nor radiation therapy. 
Before dorsal decompression and stabilization neurological 
deficits occured in the medium for 1 week (range 1 day - 4 
weeks). Overall a permanently reduced white blood cell count 
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(granulocytes, eosinophils and basophils) was detectable (Table 
1). The HLA-DR analysis revealed a borderline immune 
paralysis, which improved to a mild immunosuppression until 
visite 4. The HLA-DR values in pts without prior chemo-
/radiation therapy and in pts with infection demonstrated a 
complete immune paralysis even in the first 2visits. In 37% of 
patients infections (n=2 sepsis, n=1 pneumonia, n=4 wound 
infections) were detectable. The correlation of age, sex, previous 
treatment, duration of neurological deficits to the extent of 
immunosuppression and infection rates clearlydemonstrates the 
influence of prior therapy (table 2). However, the HLA-DR 
course in relation to the duration and the extent of the NT-SCI 
were positively correlated. 
Discussion: Also pts with tumor disease-related NT-SCI show a 
severe immune depression influenced by oncological prior 
therapies. Severe HLA-DR-associated immune paralysis is 
determined by severity and duration of symptoms. This suggests 
a similar to the traumatic SCI level defined spinal disorder of the 
immune system and explains the high infection rates in these 
patient. The association between duration of neurological 
symptoms to the extent of immune dysfunction underscores the 
indication of rapid epidural decompression. Whether the spinal 
triggered immune dysfunction is accentuated and prognosis also 
relevant tumor progression, is the subject of current 
investigations. 
 
Fig. 1 

 
Fig. 2 
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Introduction: Radiologically controlled spinal procedures like 
kyphoplasty or percutaneous pedicle screw placement are 
associated with high radiation exposure, both for the patient and 
the medical staff. Safe application of these surgical procedures 

requires optimal representation of the vertebrae in the 
intraoperative fluoroscopic images. After positioning the C-arm 
approximately the final adjustments, e.g. for the best 
representation of the pedicles, are made by moving the C-arm 
under repeated fluoroscopy. This results in a considerable 
radiation exposure already before starting the surgical procedure. 
The aim of this project is to develop and evaluate a tool 
contributing to the reduction of this preoperative radiation 
exposure. 
Material/Methods: A navigation system to provide a radiation-
free positioning of a C-arm (Veradius Neo, Philips Healthcare, 
The Netherlands) was developed. Based on a software to display 
a generic, non-individualized 3D model of the spine, we 
developed a new module based on individual CT data to show a 
radiation-free preview of the expected X-ray image. The preview 
is displayed depending on the orientation of the C-arm in real-
time without additional radiation exposure. In a cadaver study the 
newly developed system was compared to the conventional 
adjustment of the C-arm. Endpoint was the best-possible 
representation of a previously defined vertebra in one a.p. and 
one lateral fluoroscopic image. Various quality criteria were 
defined, such as the representation of the pedicles and the 
endplates. The study was limited to the lumbar spine. The system 
was evaluated on the vertebrae L1 to L5. A randomization of the 
vertebrae an the surgeons was done. A total of 22 conventional 
and 29 navigated experiments were performed by two 
experienced spine surgeons. The experiment was terminated 
when the surgeon considered the predetermined quality criteria to 
be met. In each experiment the total number of taken 
fluoroscopic images, the fluoroscopy time, the dose area product 
and the total time were measured. The statistical calculation was 
performed using the t-test. A p-value lower than 0.05 was 
considered to be statistically significant. 
Results: The analysis of the collected data showed a significant 
reduction of all measured parameters when using the newly 
developed X-ray preview. Compared to the conventional method, 
the number of acquired fluoroscopic images could be 
significantly reduced (3.3 ± 0.3 vs. 20.3 ± 1.8). Similarly, the 
fluoroscopy time was reduced (1.14 ± 0.15 sec vs. 10.04 ± 1.04 
sec). As expected, the dose area product was also lowered when 
using the new technique (0,064 ± 0,006 Gy x cm² vs. 0,422 ± 
0,043 Gy x cm²). Furthermore, the C-arm could be brought to the 
final position faster using the new method. Although 18.8 ± 1.9 
seconds were additionally required for registration, the total time 
was reduced (168.0 ± 11.3 sec vs. 211.1 ± 17.8 sec). 
Conclusion: The application of the new system leads to a 
significant reduction of radiation exposure in radiologically 
controlled spinal procedures. As it is a tool to position of the C-
arm, it is independent of the spinal intervention or surgical 
procedure performed. Besides a reduction in radiation exposure 
of the patient a reduced exposition of the medical staff to scatter 
radiation can be expected. 
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Introduction: After the introduction of lumbar total disc 
arthroplasty (TDA) in 1980, these implants were used frequently 
in the years from 2000 to 2010. The most commonly used 
implants are the Charite (Link, since 1980) and the Prodisc L 
(Synthes, since 1989). Lumbar prosthesis from other 
manufactures were less frequently used. After an initial hype of 
the new technology, recently reports about raising numbers of 
failure and revision have been reported. The most common 
reasons for revision are mechanical failure (migration or 
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dislocation) or persisting pain of unknown origin. Revision of 
these devices is technically demanding regarding the approach, 
the explanation and the reconstruction of the defect, respectively. 
We present our experience with the revision procedure. We also 
present a possible explanation why some of these implants cause 
significant pain even in the absence of mechanical failure or 
radiographic misplacement. 
Material and Methods: This is a report of a series of 20 cases of 
TDA removal (5 men, 15 women) involving the levels L3-S1 
(L3/4: 1, L4/5: 9, L5/S1:10). Different types of prosthesis were 
explanted including keel-prosthesis (9 cases) and keel-less 
prosthesis (11 cases). The indication for explantation included 
mechanical complications in 11 cases and persisting pain in 9 
cases. All TDA at the level L5/S1 were explanted by the original 
antero-median approach using the opposite side. All higher levels 
were explanted by an antero-lateral approach. Preoperative 
stenting of the ureter was performed in all patients. 
Results: Regarding the approach, the vessel remobilization was 
the biggest challenge. However no major vascular injury was 
recorded. The blood loss ranged between 50 and 600 cc. To 
minimize the risk of vascular complication the approach to L4/5 
and above was performed from antero-lateral. The main problem 
of prosthetic removal was the limited potential of segment 
remobilization (overdistraction). Sufficient distraction could only 
be achieved in 5 cases. In the remaining 15 cases we had to 
remove the polyethylene inlay first to remove the metallic 
endplates in a second step. We show innovative techniques how 
the inlay can be removed safely, respecting the type of prosthesis 
and the level operated. It was amazing that none of the 40 
endplates explanted showed any evidence of osteointegration (fig 
1 and 2). According to the defect, reconstruction was performed 
with a stand-alone anterior cage (Synfix, Synthes) or an 
asymmetric paired mesh device (Synmesh, DePuySynthes). The 
CT verified fusion rate was 90%. The approach related 
complications included irritation of the lumbar plexus and the 
genitofemoral nerve. 
Conclusion: Removal of TDA and reconstruction is relatively 
save if appropriate techniques are applied. It was amazing that in 
the current series none of the implants showed significant bony 
osteointegration. Therefore we conclude that one source of pain 
after lumbar TDA may be due to micromotion of the implant due 
to missing bony incorporation even in cases without any 
mechanical complication or radiographic misplacement. 
 
Fig. 1            Fig. 2 

  
 
SP 5 
Cervicale Spondylodiscitis: Analysing Risk Factors and 
Managing Complications. 
*A. Nabhan1, M. Ruf1, N. Matis1, T. Pitzen1 

1Klinikum Karlsbad, ZWOT, Karlsbad 
  
Introduction: Surgery for spondylodiscitis is usually performed 
in case of severe spinal instability, neurological deficit, septic 
episodes or if conservative treatment is considered to be 
unsuccessful. Treatment of spondylodiscitis is always complex 
and long lasting. Within the cervical spine, however, this is even 
more true due to the anatomy of the cervical spine that includes 
the region of the craniocervical junction - a rare,but not unusual 
location (Fig_1) and the close relationship of the vertebral artery 

and the esophagous. The aim of the studywas to analyse risk 
factors and describe management of complications. 
Methods: 28 patients (2009 - 2011), 19 male, 9 female, mean 
age 65 yrs were extracted from our databank using the terms 
„spondylodiscitis, cervical spine”. Spondylitis was located in 
mainly one vertebra in 25%, in two in 46%, more than 2 vertebra 
in 29% - (Fig_1). Surgery was peformed as als posterior-anterior-
posterior procedure in 50 % and as posterior or anterior 
procedure in 25 % each. Data concerning risk profile and 
complications were analysed and results are described in detail. 
Results: Risk factor with the highest incidence found was 
chronic renal failure (36%), diabetes mellitus and sepsis (29% 
each) and tumor (18%). nfection was due to staphylokokkus 
epidemidis in 64 %. Complications (management mentioned in 
brackets) arised in 43 %: pneumonia (conservative treatment) 21 
%, airway obstruction (long term intubation/ ventilation) 11 %, 
skin ulceration (plastic surgery required) 8%, brain infarction 
(Fig_2) due to vertebral artery compression under surgery 
(conservative treatment on stroke unit) 4 %) esophageal 
perforation (repeated surgical interventions) 4%, implant failure 
or regional recurrence (Fig_1), (surgical revision) 8%. As a result 
mean hospital stay was 56 days. 50 % did not have any 
neurological deficit at admission and discharge, 11 % presented 
with tetraplegia that was unchanged at discharge. FRom the 
remaining third of the patient population, one half experienced 
some neurological impairment, one half an improvement of 1 
degree acc. to Frankel. 
Conclusion: Cervical spondylitis usually affects patients with 
high risk profile infections. Due to this and the complex anatomy 
of the cervical spine, complications arise frequently, however 
neurological status is frequently not affected. Management of 
complications is challenging and usually calls for 
interdisciplinary treatment concepts in a spine center. 
 
Fig. 1               Fig. 2 

  
SP 6 
Neurological Outcome and Complications after Lumbar 
Instrumentation in Octogenarians 
S. Hüttinger1, *J. Gerhardt1, T. Obermüller1, J. Gempt1, 
F. Ringel1, B. Meyer1, Y.-M. Ryang1 

1Neurochirurgie, Klinikum Rechts der Isar, TU München, 
München  
 
Objective: Geriatric patients often represent the majority of 
degenerative spine cases in the daily surgical routine. Aim of this 
study was to assess neurological outcome, medical comorbidities 
and surgery related / medical complications after lumbar dorsal 
instrumentation in octogenarians. 
Methods: Retrospective analysis of 80 pats. (35 m /45 f, mean 
age 83 yrs, range 80-91) 80 years or older who underwent dorsal 
instrumentation/fusion of the lumbar spine mainly for 
degenerative spine disease between May 2008 and June 2013. 
Age at surgery, neurological status (pre/postop), relevant medical 
comorbidities, intra- and postoperative complications (surgery 
related/medical), duration of surgery, postoperative Barthel 
index, length of hospital stay and rate of revision surgeries were 
assessed.  
Results: Nearly all patients (77/80) had a mean of 2 (1-6) 
relevant medical disorders. 31 pats. had at least one previous 
surgery at the index level. Mean duration of preoperative 
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symptoms was 26 ± 56 months (1-360). Mean duration of surgery 
was 3 ± 0.05 hrs (1.05-7.29). 21 pats. received mono-, 59 
multisegmental instrumentations (2-7 levels) and 14 had 
dorsoventral fusions. 27 (33.8%) pats. had preoperative 
neurological deficits of whom 8/27 (29.6%) improved 
postoperatively, 17/27 (63%) were unchanged and 2/27 (7.4%) 
had worsening of neurological deficits. 2/80 (2.5%) pats. showed 
new neurological deficits after surgery (1 transient, 1 permanent). 
No severe intraoperative complications occurred: 18 durotomies 
and 7 intraoperative screw revisions. In total 14 (17.5%) pats. 
experienced postoperative surgery related complications with 
need for revision surgery in 11 (13.8%): 3 wound infections (1 
deep/2 superficial), 3 hematomas (1 epidural/2 subcutaneous), 3 
screw/cage dislocations, 2 CSF leaks, 1 spondylodiscitis, 1 
epidural cement leak. 1 pat. experienced spinal ischemia of 
unknown etiology. Mild (7 (8.8%) pats.) as compared to 
moderate/severe surgery related complications (7 (8.8%) pats.) 
were equally distributed. 57 postoperative medical complications 
(mainly UG-tract infections and pneumonia) were reported in 39 
(48.8%) pats. In 5 (6.25%) of these pats. postoperative medical 
complications were severe and necessitated ICU treatment (mean 
ICU stay 14.6d ± 12,2, 2-33). 2 pats. needed postoperative 
intensive surveillance (1 d) without complications, 2 pats. had 
ICU treatment because of other non-surgery related reasons 
(polytrauma, preoperative sepsis). 3 deaths were reported due to 
renal failure (1), pneumonia and cardiac arrhythmia (1) and 1 was 
tumor related. The mean postoperative Barthel index was 49.5 ± 
23.4 (5-100), mean length of hospitalization 16.2 d ± 12.1 (3-60). 
Conclusion: Dorsal lumbar instrumentation in our study was 
associated with a relatively high rate of surgical (17.5%) and 
medical complications (48.8%) and a prolonged hospital stay. 
Nevertheless the rates of moderate to severe surgery related 
(8.8%) or postoperative medical complications (6.25%) were 
acceptable. There were no severe intraoperative complications 
and persistent new neurological deficits occurred in only 1.3% of 
pats. High age associated with relevant medical comorbidities 
might necessitate aggressive medical patient management. 
Careful patient selection, stringent surgical indications and 
thorough medical monitoring of this special patient group are 
required to improve safety of surgical procedures and reduce the 
risk of peri-/postoperative complications. 
 
SP 7 
Cervical PEEK cages, does fusion matter for result? 
*J. Schröder1, M. Winking1, A.G. Hellwig1, T. Krampulz1 

1ZW-O Zentrum für Wirbelsäulenchirurgie, Osnabrück  
 
Introduction: The implantation of a spacer is common practice 
after anterior discectomy in cervical spine. PEEK Cages have 
replaced Titanium implants due to its better radiological behavior 
in postoperative MRI-scans. It was also thought PEEK was 
favorable in terms of fusion and subsidence due to its different 
mechanical properties compared to Titanium. 
Materials and Methods: We report 200 patients suffering from 
cervical radiculopathy or mild myelopathy treated with single 
level PEEK Cage fusion with their 1- or 2-year follow up 
completed. The mean age was 50±11 years (range: 27-74). The 
implantation was performed without filling of the central hole of 
the Cage. At follow up clinical examination was performed and 
the clinical result graded according to the 4 point Odom Scale. 
Fusion was determined by plain X-ray. 
Results: After minimum follow up of 1 year in 98 cases (49%) 
fusion occurred as bony bridging around and through the PEEK 
cage, in 92 cases (46%) the result was indifferent and 10 cases 
(5%) showed signs of nonunion suspect of a pseudarthrosis. 
Subsidence did not occur in 118 cases (59%), mild decrease or 
angulation was of 2mm or less was seen in 59 cases (30%) and 
pronounced in 23 (11%). In the fusion group an excellent or good 
clinical result was observed in 77 cases, satisfying or bad in 21 
cases. In the nonfused group 60 cases showed an excellent or 

good clinical result, whereas satisfying or bad results were seen 
in 42 cases. The difference is significant with p=0.0024. 
Discussion: The fusion rate of PEEK cages is inferior compared 
to Titanium. Migration does occur. The aim of the implant to 
enable solid fusion of the segment is achieved in only half of the 
patients. In contrast to earlier findings this does influence the 
clinical outcome in larger patient groups. Fusion after 
monosegmental decompression of the cervical spine requires 
more attention. 
 
SP 8 
Extension of the Cervical Spine via Halo-Ring in High Grade 
Cervical Kyphosis 
*M. Ruf1, L. Letko1, N. Matis1, H. Merk2, T. Pitzen1 

1Klinikum Karlsbad, ZWOT, Karlsbad, 2Universitätsmedizin 
Greifswald, Klinik und Poliklinik für Orthopädie und 
Chirurgische Orthopädie, Greifswald 
 
Introduction: High grade kyphosis of the cervical spine is 
challenging due to a high risk of neurological impairment. 
Moreover, it is very difficult to approach the anterior aspect of 
the spine in the presence of the kyphotic angulation. Thus, we 
have started to apply a halo ring preop or following posterior 
release in cases of high grade kyphosis before anterior surgery is 
performed. The aim of the study was to investigate the change of 
kyphotic angulation and to check the patients outcome. 
Methods: Retrospective study on 4 patients having a rigid 
kyphosis of the cervical spine (mean age11 years). Surgery 
performed between 2008 and 2013. 3 patients suffered from 
neurofibromatosis in 3 , from Larsen`s syndrome in 1 case. All 
patients had been operated before, at least once. Extension was 
applied via a Halo-ring to the head for 2 to 4 weeks during daily 
activity. Two patients also received posterior release including 
facet resection together with Halo-ring application. 
Results: Mean angle of kyphosis was 88,3° (55° - 128°) before 
extension was applied and was 57,5° (33° - 78°) after extension, 
meaning 30,8° correction (35%). After surgery, kyphotic 
angulation was reduced to 27,3° (18° - 48°) with just very little 
decrease until last follow up was performed. IN patients, having 
undergone posterior release , we measured 108,5° (89° + 128°) 
before surgery, 60,0° (42° + 78°) following Halo extension, and 
35,5° (23° + 48°) after surgery, meaning a correction of 48,5° 
oder 45%. We did not see any neurological impairment. 
Conclusion: Surgery for high grade kyphotic angulations is 
challenging, especially if anterior cervical spine approaches are 
needed for corrective surgical steps. Moreover, the spinal cord is 
under tension due to a hypomochlion effect of the apex of 
kyphosis. Using a Halo-ring for preop correction with or without 
posterior release, a drastic correction can be achieved, thus 
facilitating surgical correction and reducing the risk for 
neurological impairment. Thus, especially in high grade and very 
rigid cervical spine kyphosis, posterior release makes sense. In 
these cases, applying a Halo-ring for preop correction of the 
kyphosis facilitates surgery and minimises risk for neurological 
impairment. 
 
Fig. 1              Fig. 2 
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P 1 
Fractures of the dens axis in the elderly - impact on survival 
*G. Stein1, L. Marlow1, J. Isenberg2, L.P. Müller1, P. Eysel1, 
G. Schiffer3 
1Uniklinik Köln, Klinik für Orthopädie und Unfallchirurgie, 
Köln, 
2Klinikum Nordstadt, Klinik für Orthopädie und Unfallchirurgie, 
Hannover, 3Vinzenz Pallotti Hospital, Klinik für Unfallchirurgie, 
Handchirurgie und Orthopädie, Bergisch Gladbach 
 
Introduction: Fractures of the dens are commonly seen in elder 
patients. The most common injury is a type II fracture according 
to Anderson/D’Alonzo. The optimal treatment of this fracture 
remains controversial. The aim of our bi-centric cohort study was 
knowledge about compications and survival data depending on 
surgical and conservative treatment. 
Material/Methods: In two German trauma units all patients with 
a type II dens fracture aged 65 years and above were included, 
treatment and possible complications were recorded. By multiple 
comparisons with the registration authorities during a time period 
of minimum 24 and maximum 72 months the data about survival 
were retrieved and analysed using the Kaplan-Meier method for 
the calculation of the survival estimation. 
Results: 51 patients with a mean age of 81.3 ±6.9 years were 
included. The distribution between the sexes was 70.6% for 
female and 29.4% for male patients. 37 patients were treated 
surgically and 14 patients by conservative means. A variety of 
complications was observed especially in patients with severe co-
morbidities. Of those patients treated surgically, 18.9% deceased 
within 12 months after admission; in the conservative group 50% 
deceased within this time. In our long-term observation 32.4% of 
the surgical and 64.3% of the conservative group deceased, 
resulting in an estimated survival rate of 50.7 ±4.8% (surgical) 
and 25.1 ±5.0% (conservative) respectively. 
Conclusion: General health condition and comorbidities play an 
important role in decisions on treatment of elder patients with 
dens fracture. In our nonrandomized study a selctional bias 
cannot be ruled out; this bias is potentially responsible for higher 
mortality rates in conservatively treated patients. Nevertheless, 
our study leads to the general conclusion of higher survival rates 
in patients treated surgically, as far as general anesthesia can be 
applied. 
 
P 2 
Kyphoplasty of osteolytic lessions of odontoid with multiple 
myeloma. 
*M. Chmielnicki1, A. Prokop1 

1Kliniken Sindelfingen, Unfallchirurgie, Sindelfingen 
 
Introduction: Kyphoplasty is an established procedure in the 
treatment of osteoporotic vertebra fractures and osteolytic 
metastases in a palliative situation. Multiple myeloma often 
causes osteolytic spine lesions. Kyphoplasty and Vertebroplasty 
were already described as procedures to stabilize these lesions. 
Material and Methods: In our clinic two patients with unstable 
osteolyses of odontoid were successfully treated with the 
Kyphoplasty express system (Medtronic) by a minimal invasive 
ventral access to cervical spine, whereby pain reduction was 
obtained. A cervical orthesis was not necessary. 
Results: 2 osteolytic lesions of odontoid caused by multiple 
myeloma were treated by Kyphoplasty in 2011 and 2012. Both 
operations were performed by the same surgeon. Cut - closure 
time were 35 respectively 38 minutes. Once a small dorsal 
intraspinal cement leakage occurred without neurologic 
complication. After two weeks with cervical orthesis functional 
therapy was performed, hereby a normal motion of cervical spine 
was obtained. Pain measured by VAS was improved by 3 points 
each, both patients were free of pain 2 and 10 months 
postoperative. Once an intermittent dysphagia occurred 
postoperative which however disappeared after six weeks. 

Conclusions: Kyphoplasty with the Kyphoplasty express system 
is an effective and quick procedure to stabilize unstable osteolytic 
lesions in multiple myeloma in the hand of an experienced spine 
surgeon. 
 
P 3 
Sacropelvic fixation versus fusion to the sacrum for 
spondylodesis in multilevel degenerative spine disease 
*T. Finger1, S. Bayerl1, J. Onken1, M. Czabanka1, J. Woitzik1, 
P. Vajkoczy1 

1Charite, Klinik für Neurochirurgie, Berlin 
  
Introduction: For successful multilevel correction and 
stabilization of degenerative spinal deformities a rigid basal 
construct to the sacrum is indispensable. The primary objective 
of this study was to compare the results of two different 
sacropelvic fixation techniques to conventional stabilization to 
the sacrum in patients with multilevel degenerative spine disease. 
Materials/Methods: In a retrospective study a total of 69 
patients with multisegmental fusion surgery (mean number of 
stabilized functional spinal units: 7,0 +/- 3,3) with a minimum of 
1 year follow up were included. 32 patients received fixation to 
the sacrum (S1), 23 patients received S1 and iliac screw fixation 
(iliac) and 14 patients were treated with iliosacral plate fixation 
(plate). Primary outcome parameters were radiographic outcome 
concerning fusion in the segment L5-S1, rate of screw loosening, 
back and buttock pain reduction (numeric rating scale for pain 
evaluation (NRS): 0 indicating no pain, 10 indicating the worst 
pain), overall extent of disability after surgery (Oswestry 
Disability Index: ODI ), incidence of postoperative sacroiliac 
joint pain and the number of complications. 
Results: The three groups did not differ in body mass index, 
ASA score, the number of stabilized functional spinal units, 
duration of surgery, the number of previous spine surgeries, or 
postoperative complication rate. The incidence of L5-S1 
pseudarthrosis after one year in the S1, iliac, and plate groups 
was 19%, 0%, 29%, respectively (p<0.05 iliac vs. plate). The 
incidence of screw loosenings after one year in the S1, iliac, and 
plate groups was 22%, 4%, 43%, respectively (p<0.05 iliac vs. 
plate). Average Oswestry scores after one year in the S1, iliac, 
and plate groups were 40 +/- 18, 42 +/- 20, 58 +/- 18, 
respectively (p<0.05 both S1 and iliac vs. plate).  
Conclusion: The surgical treatment of multilevel degenerative 
spine disease carries a significant risk for pseudarthrosis and 
screw loosening, mandating a rigid sacropelvic fixation. The use 
of an iliosacral plate resulted in an inferior surgical and clinical 
outcome when compared to conventional S1 and iliac screws. 
 
P 4 
Cement auggmentation in combination with posterior 
instrumentation and monosegmental spondylodesis for the 
treatment of thoracolumbar burst fractures 
*S. Hoppe1, M. Keel1, E. Aghayev2, L. Benneker1 

1Inselspital, Orthopädie und Traumatologie, Bern, Schweiz, 
2Institut für Evaluative Medizin in der Orthopädie, Bern, Schweiz  
 
Introduction: Anterior stabilization with cages/iliac bone graft 
and corpectomy in addition with posterior spondylodesis is the 
gold standard for the treatment of anterior unstable Magerl type 
A and B fractures of the thoracolumbar junction (1,2). Whether 
vertebroplasty/kyphoplasty in combination with posterior 
stabilization provides enough stability to avoid progression of 
kyphposis, especially after dorsal implant removal to unblock the 
caudal non-fused segment, is unclear. 
Materials and Methods: Retrospective case series of all patients 
treated with posterior stabilization in combination with 
vertebroplasty/kyphoplasty between 2000 and 2010 with 
secondary implant removal 8-12 months after the index 
operation. All cases were assessed for clinical outcome and loss 
of reduction after implant removal by lateral radiographs. 
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Results: 20(m: 13; f: 7) (age: 40,9±14,4 years) out of 59 patients 
treated with bridging dorsal instrumentation with transpedicular 
vertebroplasty underwent implant removal. Fractures were 
classified as A 3.2.1 in 15, A 3.1 in 3 and B 2.3 in 2 cases. The 
fracture location was Th12 in 5, L1 in 11, L2 and L3 in 2 cases. 
The implant removal was performed 9,6±3,2 month after initial 
surgery. In all but one cases increase of kyphosis was found 6 
month later. The mean increase of kyphosis was 5,7° ± 3,1 ° 
(max: 12°; min 0°). Regarding loss of lordosis there were no 
significant differences between the fracture location and types. 
Conclusion: Cement augmentation of the ventral column 
provides enough stability in combination with dorsal 
instrumentation for unstable A and B fractures. After implant 
removal some increase of kyphosis in the segment above the 
augmented vertebra is to be expected. In how far this has clinical 
relevance is topic of ongoing investigations. 
- Harris MB : The role of anterior stabilization with 

instrumentation in the treatment of thoracolumbar burst 
fractures, Orthopedics. 1992 Mar;15(3):347-50. 

- Mariotti AJ et al: Current concepts in anterior surgery for 
thoracolumbar trauma, Orthop Clin North Am. 2002 
Apr;33(2):403-12, 

 
P 5 
Minimally invasive decompression, fusion and 
instrumentation in severe stenotic spondylolisthesis in the 
elderly.  
*E. Archavlis1, P. Ulrich1 

1Klinikum Offenbach, Neurochirurgische Klinik, Frankfurt 
 
Introduction: Minimally invasive spine (MIS) procedures are 
increasingly being recognized as equivalent to open procedures 
with regard to clinical and radiographic outcomes. These 
techniques are also believed to result in less pain and disability in 
the immediate postoperative period. There are, however, little 
data to assess whether these procedures in combination with 
minimally invasive transforaminal interbody fusion (TLIF) and 
percutaneous pedicle screw insertion are effective in complex 
cases of stenotic degenerative spondylolisthesis (SDS) with 
severe facet joint osteoarthritis (FJO) in the elderly patients. The 
authors’ aim in this study was to evaluate clinical and 
radiographic outcome after the treatment of SDS with severe FJO 
who underwent MIS (24 patients) compared with a reference 
group who underwent open surgery (25 patients). 
Material/Methods: This study retrospectively reviewed all 
patients older than 60 years of age who underwent lumbar 
instrumentation, fusion and decompression for degenerative 
spondylolisthesis with severe stenosis and facet joint 
osteoarthritis (FJO). Eighty five cases were assessed for 
eligibility. Forty nine subjects met study criteria and all were 
available for follow-up. Blood loss, operative time and 
intraoperative complications were assessed and clinical outcome 
was measured using the Oswestry Disability Index (ODI) and 
Visual Analogue Scale (VAS) for back and leg pain. Satisfaction 
was assessed with VAS for satisfaction. 
Results: The minimum follow-up was 24 months with a mean of 
26 months in both groups. In the MIS and open surgery groups, 
the distribution on the postoperative ODI (p = 0,841), VAS leg (p 
= 0,943) and back pain (p = 0,735) scores were similar. Twenty 
one out of 24 cases and 23 out of 25 cases experienced a clinical 
benefit according to VAS for satisfaction and ODI in the MIS 
group and the open group respectively. Moreover, the accuracy 
of pedicle screws was high in both groups and only one revision 
surgery was performed in the MIS group. The overall proportion 
of complications showed no significant difference between the 
groups (29% in the MIS group vs. 28% in the open group, p = 
0,999). 
Conclusion: MIS for severe SDS in the elderly leads to adequate 
and safe decompression of lumbar stenosis and results in a highly 
significant reduction of symptoms and disability. 2 year outcome 

and radiologic result after MIS-TLIF and percutaneous pedicle 
screw insertion was comparable with that after conventional 
techniques and thus constitutes a promising treatment alternative. 
 
P 6 
Complication Analysis of Spinal Intervention in Parkinson’s 
Disease 
*J. Siewe1, J. Hantscher1, T. Koy1, K. Zarghooni1, P. Eysel1, 
R. Sobottke2 

1Uni-Klinik Köln, Orthopädie und Unfallchirurgie, Köln, 
2Medizinisches Zentrum Städteregion Aachen, Orthopädie, 
Würselen 
 
Introduction: Adult central movement disorders, malpositions, 
and scolioses can have neurological diseases such as Parkinson’s 
as underlying cause. Conspicuous deformities such as 
camptocormia (“bent spine”) or laterocollis are important clinical 
features in this context. Patients with Parkinson’s disease often 
suffer from osteoporosis (>60%). Surgical spine treatment in 
these adult scolioses and malpositions poses a real challenge for 
the surgeon. In cases of Parkinson’s disease, for example, surgery 
is often accompanied by considerable general complications as 
well as such related to the operation itself. Frequently, 
minimally-invasive methods are preferred to long-segmental 
procedures, thus ignoring the entirety of the deformity. No 
concrete guidelines have yet been established for surgical 
treatment of this growing patient group. In fact, only analyses of 
smaller patient collectives are to be found in literature. Aim of 
the present study is the analysis of possible complications after 
spinal intervention and wording of treatment recommendations 
which can be derived from this, namely in a large patient 
collective. 
Material/Methods: 157 patients suffering from Parkinson’s 
disease who were treated with spine surgery in 3 different 
university hospitals between 2008 and 2013 were included in this 
study. Analysis contains inpatient therapy as well as further 
postsurgical treatment. 
Results: In 91 (57 %) patients a complication could already be 
observed during hospital stay. Overall 118 (75 %) patients had 
complications in postsurgical course. At least one further 
operation became necessary for 68 (43 %) patients. The spectrum 
of complications ranged from voiding disorder, protracted 
mobilisation, wound healing disorder, akinetic crisis to implant 
failure, collapsing spine, and adjacent segment instability. 
Implant failure was a frequent reason for re-surgery. Small 
minimally invasive interventions often entailed a collapsing 
spine, requiring long-segment instrumentation. Here, rapid 
progress of the curvature could be observed. Long-segment 
instrumentation without ventral support often led to implant 
failure and increasing kyphosis of the spine segments above the 
instrumentation. Especially anchoring in the lumbosacral junction 
brought about considerable problems. 
Conclusion: In patients with Parkinson’s disease, even minor 
surgical interventions can cause instability of whole segments or 
even the entire spine. Implant loosening, adjacent segment 
instability, general perioperative complications, and increasing 
malposition due to progression of the disease can produce 
disastrous treatment courses. If instrumentation is decided on, 
long-segment procedures with ventral support should be given 
preference. In this patient clientele, cement augmentation should 
be lavishly applied. As a rule, it should be checked before 
surgery if there is an indication for deep brain stimulation. 
Optimal surgery preparation including interdisciplinary 
cooperation (neurology, stereotaxy) is indispensable for a 
successful treatment course. 
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P 7 
Patient contentedness and improvement of quality of life by 
operation of a lumbal spinal stenosis in elder patients are not 
idem. Results of a pospective study. 
*D. Woischneck1, A. Bitzenberger2, C. Grimm3, T. Kapapa3 

1Klinikum Landhut, Klinik für Neurochirurgie, Landshut, 
2Ostallgäu Klinikum, Unfallchirurgie, Kaufbeuren, 3Uniklinikum, 
Neurochirurgie, Ulm 
  
Introduction: The operation of the lumbal spinal stenosis 
formally is performed to improve pain and walking distance. But 
at least, we want to achieve patient contentedness and increase 
quality of life. How do back pain, leg pain, diminished walking 
distance, and quality of life interfere in self - and external 
assessment of elder patients? 
Methods: We prospectively analyzed the data of 26 patients (11 
female, 15 male), age from 60 - 80 years (mean: 67), operated 
upon within 2 years in one centre by 2 surgeons. We always 
perfromed a midline access tot he lumbal spinal canal and 
removed hypertrophic bone and ligaments under the microscope. 
2 patients were operated in 2 levels. Follow up examination 
happened 6 months postoperatively. Prior to hospital dismissal 
and after 6 months, the patients answered an assessment 
questionnaire containing the Oswestry Disability Index (ODI) 
and the Zurich Claudication Questionnaire (ZCQ) as well as a 
visual analogous scales (VAS) for measuring back - and leg pain. 
The study was proved by the local ethics comittee. 
Results: The operation produced a significant reduction of back 
pain pain leg pain and a significant improvement of the walking 
distance (p<0,001). The back pain significantly improved from 
8,0 prior to operation to 2,9 on a scale from 0 - 10 (p<0,001), the 
leg pain from 7,6 to 2,7. Parallely, the medication dosage was 
reduced. Quality of life significantly improved due to an 
improvement of ODI and ZCQ. The improvement of the 
functional scores correlated with an increase of the walking 
distance, the pain decrease had no statistically influenced. 85% 
oft he patients were content with the results of the operation. This 
rate correlated with the increase of the back pain only. 
Conclusion: For the patients assessment of the operation results 
(contentedness) the decrease of the local back pain was essential. 
For he improvement oft he quality of life, as measuerd by 
functional scores, the increase oft he walking distance was 
crucial. These remarkable differences in self and external 
assessmaent has o be regarded in realistic expectancies of the 
patients. Especially the cure rates based on simple pain 
reductuion are no longer essential for elder patients in lumbal 
spine operations. 
 
P 8 
Severe tracheo - oesophageal compression by combination of 
cervical spondylosis and struma nodosa 
*D. Woischneck1, B. Scher2, T. Kapapa3 

1Klinikum Landhut, Klinik für Neurochirurgie, Landshut, 
2Klinikum Landshut, Nuklearmedizin, Landshut, 3Uniklinikum, 
Neurochirurgie, Ulm 
 
Introduction: In 3% of patients with a tracheo - ösophageal 
compression in case of thyroidal diseases, a life threatening 
dyspnea happens. Similar complications are known from patients 
with ventral spondylosis of the cervical spine. We report a case, 
in which both compenents lead to a significant clinical problem. 
Material: A 79 year female complained neck pain with 
projection to the shoulders for years. For the last 6 months, a 
COPD is diagnosed. The patient is urgently admitted with 
inspiratoric stridor and attacks of maximal shortage of breath. 
The symptoms increase in anteflection oft the head, the patient is 
able to breth sufficiently only by use of a toby collar. 
Results: Sonography affirmed a nodosal struma with a volume of 
46,4 ml. Cervical diagnostic by X ray and CT and MRI reveals 
ventral spondylosis with oesophageal shift and a dorsal 

constriction of the trachea of 50%. In bronchoscopy, an 
impression of pars membranacea of the trachea was seen. We 
performed a throidectomy with vagal monitoring, the 
spondylophytes were resected under the operation microscope. A 
fusion oft he intervertebral discs was not necessary. 6 months 
after operation, the patient is well. Due to allergy, diclofenc was 
not prescribed. 
Conclusion: The case is relevant for it points out the value and 
efficiency of a multidisciplinary diagnostic and operative 
approach. 
 
P 9 
Pain reduction after Radiofrequency-Kyphoplasty depending 
on the time interval between fracture event and therapy 
*S. Reißberg1, L. Lüdeke1, M. Makki2, C. Wonke2, S. Balschat1, 
M. Fritsch2 

1DBK Neubrandenburg, Klinik für Radiologie und 
Neuroradiologie, Neubrandenburg, 2DBK Neubrandenburg, 
Klinik für Neurochirurgie, Neubrandenburg 
  
Introduction: Our patients with osteoporotic fractures with 
respect to the time interval between fracture event and clinical 
care very heterogeneous. There are patients with acute and 
subacute events that have the most severe pain and an increase in 
patients with existing chronic pain. The guideline of the 
deutschen Dachverbandes für Osteologie (DVO) requires a three-
week conservative therapy trial before a kyphoplasty. Our 
experiences show that a later conducted therapy shows a lower 
pain therapeutic effect. 
Materials/Methods: From January 2011 to May 2013 a total of 
136 patients with 168 osteoporotic vertebral fractures treated 
within 1-3 heights (85 women, 51 men, mean age 71 years). The 
pain before and after intervention was classified using the VAS. 
The follow up was at least 3 months. The patients were divided 
into the following groups (trauma-therapy interval = TTI): (1) 
Radiofrequency-Kyphoplasty within 3 days after the fracture 
event, (2) after 1 week, (3) after 2 weeks, and (4) later than after 
2 weeks. The diagnosis of osteoporosis was partially before the 
trauma was histologically confirmed after kyphoplasty or 
evidenced a bone densitometry. 
Results: For the total of all patients, the VAS was 7.6 before and 
after intervention was 2.3 (difference: 5.3). In group (1) (TTI to 3 
days), a VAS was 8.2 before and after intervention of 2.4 
(difference 5.8). For the group (2) the VAS values were 7.7 and 
2.5 (difference: 5.2). For group (3) the VAS values were 7.4 and 
2.3 (difference: 5.1) and group (4), the values were 7.5 and 2.6 
(difference: 4.9). 
Discussion: The results of our collective pain the best therapeutic 
effect by kyphoplasty in group (1) with a TTI to 3 days. For 
groups (2) and (3) there was no substantial difference to the 
average for the overall population. The group (4) benefited from 
therapeutic point of view the least pain, here the difference was 
only 4.9 compared to 5.8 in group (1). Our results support a 
possible early therapeutic intervention Radiofrequency-
Kyphoplasty in confirmed osteoporotic fracture. 
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Introduction: The success of surgical management of geriatric 
pelvic trauma using screw-based methods for posterior pelvic 
ring fixation might be mainly related to the implant purchase. 
The purpose of the presented report was to determine zones 
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within the posterior pelvic ring providing the strongest anchorage 
for screws in order to prevent loosening of hardware, especially 
in osteopenic bone. 
Methods: Bone strength measurements were conducted on five 
human cadaver specimens (3 female; mean age 87 years, range: 
76 to 99) using the DensiProbe™Spine at the iliosacral joint, the 
lateral mass and the center of the S1 vertebral body at a superior 
and an inferior site (Fig. 1). Each position was controlled by inlet 
and outlet views of the posterior pelvic ring using an image 
intensifier. Potential differences between the measured 
breakaway torque were assessed. 
Results: The measured median (range) breakaway torque was 
0.63 Nm (0.31-2.52 Nm) at the “iliosacral joint”, 0.14 Nm (0.05-
1.22 Nm) at the “lateral mass of the sacrum”, 0.57 Nm (0.05-1.42 
Nm) at the “S1 center”; the “lateral mass” breakaway torque was 
lower than compared to that at the “iliosacral joint” (p<0.001) or 
“S1 center” (p<0.001). In detail, at the “iliosacral joint (inferior)” 
and the “S1 center (inferior)”, the breakaway torque was higher 
only compared to that seen at the “lateral mass (inferior)” 
(p<0.05) but not compared to that at the “lateral mass (superior)” 
(p>0.05), (Fig. 2). 
Conclusion: The highest bone strength for implant anchorage in 
screw-based methods is located at the vertebral body of S1, at the 
iliosacral joint or to a lesser extent at the superior portion of the 
sacral lateral mass. Based on the presented results screws should 
be placed as superior as safely possible, should bridge the 
iliosacral joint and should allow for cement application at the 
lateral mass of the sacrum through perforations. 
 
Fig. 1 

 
 
Fig. 2 
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Introduction: Anterior median corpectomy has become the most 
widely used procedure for the treatment of multilevel cervical 
stenosis. While vertebral replacement with an autologous bone 
graft used to be the gold standard for vertebral replacement after 
corpectomy, industrial implants have become available and 
popular because they avoid donor site morbidity. This study 
compared autologous iliac grafts with bone-filled PEEK cage 
implants with regard to clinical and radiological results. 

Methods: The clinical and radiological data of 65 patients with 
degenerative multilevel cervical stenosis who underwent one- or 
two-level anterior median corpectomy between 2004 and 2012 
were analyzed. Group 1 received vertebral replacement with an 
autologous iliac graft, group 2 with a PEEK cage implant. All 
patients received an additional osteosynthesis with an anterior 
plat-screw-system. The two groups were compared using the 
visual analogue scale, PROLO-Score, cervical lordosis angle and 
regional cervical lordosis angle, rate of fusion and loss of height. 
Results: Mean follow-up in was 20 ± 8 months in both groups. In 
both groups, pain in the arms and neck decreased and 
myelopathic signs improved equally until the end of the follow-
up period. At the end of the follow-up period, none of the 
patients complained about donor-site pain. The cervical lordosis 
angle decreased by 1,7° from early postoperative to late follow-
up in patients with iliac grafts and by 0,3° in patients with PEEK 
xenografts. The loss of height was 12 ± 7 % in patients with iliac 
grafts and 15 ± 7 % in patients with PEEK implants. The fusion 
rate was 100 % in patients with iliac grafts and 90 % in patients 
with PEEK xenografts. All patients without osseous fusion had 
undergone two-level corpectomy. 
Conclusion: In one-level corpectomy, the use of xenografts is 
comparable to autologous iliac grafts for vertebral replacement. 
Preoperative pain, radicular and myelopathic symptoms improve 
after decompression irrespective of the material used for vertebral 
replacement. In two-level corpectomy, vertebal replacement with 
autologous bone supplies a high fusion rate whereas the use of a 
PEEK xenografts has the risk of non-fusion and graft failure in 
patients who are operated on by an anterior approach alone. 
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The sagittal profile influences the clinical outcome in patients 
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Introduction: Patients with symptomatic lumbar spinal stenosis 
should be treated by operative decompression. Nevertheless there 
is a significant amount of patients, who doesn’t benefit from 
surgery. The sagittal profile defined has been shown to effect the 
clinical outcome of patients with degenerative disc disease after 
total disc replacement. However no data exists, that shows 
whether the different types of sagittal profile (SPT1-4) influence 
the postoperative outcome of patients with spinal stenosis, who 
have been treated by microsurgical decompressive surgery only. 
Methods: Our retrospective study contains 121 patients with 
lumbar spinal stenosis, who received operative spinal 
decompression without instrumentation between 2011 and 2013. 
In our preliminary data we show the short-term follow-up (10.6 ± 
2.7 months) of 46 patients. Preoperatively all patients received 
whole spine upright standing x-rays. The patients were 
differentiated in 4 groups according to the different types of 
sagittal profile. The clinical outcome was determined by the 
Oswestry Disability Index (ODI), Roland Morris Questionnaire 
(RMQ), Odom’s criteria, Visual Analogue Scale (VAS) for leg 
pain and back pain as well as walking distance and time before 
surgery and at the last follow-up. 
Results: 46 patients display all 4 sagittal profile types (type 1: 
n=10; type 2 n=15; type 3: n=11; type 4: n=10). Already after 
several months of follow-up we see a statistical difference 
concerning the clinical outcome in the 4 groups. Patients with 
SPT 1 are suffering from significantly stronger low back pain 
(VAStype 1 =5.6±2.1; VAStype 2 = 3.1±2.1; VAStype 3 = 2.3±2.1; 
VAStype 4=1.9±2.1). The functional disability is increased in 
patients with SPT 1 as well (ODItype 1=43.1 %;ODItype 2= 
29.7%;ODItype 3=24.8%;ODItype 4= 19%). Thus only 40% patients 
with SPT 1 rated an excellent or good outcome (Odom’s criteria 
good/excellent: Type 2: 80%; Type 3: 90%; Type 4: 82%). 
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Conclusion: Patients with SPT 1 and lumbar spinal stenosis 
show a worse clinical outcome compared with other profile types 
several months after surgery. Hyperlordosis in the lower lumbar 
spine with increased shear forces and facet load might lead to 
increased back pain and functional disability. After completion of 
this study we hope to be able to give an advice whether the 
sagittal profile should be individually considered for decision-
making on treatment of lumbar spinal stenosis. 
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Introduction: Incidental durotomy (ID) is an unpleasant, but 
common compilation of spinal surgery. Only Few studies 
examined the impact on patients after IDs. Reported outcomes 
varies from no effect on the morbidity to increase tendency for 
worsening outcomes including a tendency toward more revisions, 
neurological deficits and longer durations of inability to work. 
The aim of this study was to evaluate the long-term results of ID 
of the elderly. 
Material/Methods: In a period of 5 years, 8851 patients 
underwent spinal surgery. ID occurred in 416 patients during 
different spinal surgical procedures. In the presented study, 116 
patients agreed to participate. A long-term outcome analysis was 
assessed by telephone survey using the Oswestry Low Back Pain 
Disability Index and patient outcome survey. The mean long-
term follow-up was 29.5 months (range 6-42 months). 
Results: In 115 patients (99.1%) ID occurred during lumbar 
spine and in one patient (0.9%) during thoracic spine surgery. 57 
Patients (49.1%) reported excellent or good results, 23 Patients 
(19.8%) were evaluated with moderate disability, 22 patients 
(19%) with severe disability and 14 patients (12%) were found to 
be crippled. 26 patients (22.4 %) needed to be admitted again to 
hospital because of residual symptoms related to ID. The patients 
were classified into 3 groups depending on the post-ID period: 22 
patients (19%) experienced ID before one-year, 41 patients (35.3 
%) experienced ID for more than one year but less than 3 years, 
35 patients (30%) experienced ID for more than 3 years. A 
significant relation was found between longer post-ID period and 
less disability level of patients (p <0.05). Patients were defined 
into 3 age groups: 14 patients were less than 60 years old, 79 
patients were from 60 years and less than 80 years old and 23 
patients were older than 80 years. There was no significant 
difference between the age groups. 
Conclusion: The presented long-term outcome study shows that 
ID is associated with disability, residual symptoms and functional 
limitations in the elderly. There is a significant relationship 
between improvement of outcome and longer postoperative time 
after ID. 
 
P 14 
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Introduction: In the treatment of degenerativ lumbal scoliosis, 
pedicle subtraction osteotomy is benefical in the restoration of 
the sagittal profile. The PSO technique allows for wide 
decompression, fusion an adequate correction of the sagittal 
balance by means of one surgial (posterior only) 
apporoach.Usually, extensive surgical procedures are necessary 
to perform this goal. A high rate of surgical complications along 
with these procedures may be expected. The aim oft he study was 
twofold: 1. to analyse, how much the sagittal profile may be 

corrected; 2. to analyse the rate of complications intra-/early and 
late operatively as well as surgical revision rate. 
Methods: Retrospective study. 20 patients included, extracted 
from a clinical data bank by searching“ DLS, pedicle substraction 
osteotomie“. All patients suffered from a severe symptomatic 
DLS. All patinets wer operated vi aposterior approach. We 
performed a multisegmental decompression, screw –rod 
instrumentation, one – or multisegmental posterior interbody 
fusion procedures and at least one pedicle substraction 
osteotomy, the later within the apex region. We did check preop 
as well as postop lateral whole spine x-rays that had been 
digitized and measured using Spineview 2.4, Surgiview, Paris, 
France. Wee looked at lordose L1-S1, sacral slope, kyphosis T4-
12, distance of C7 plumb line (C7PL) tpo the midpoint of the 
sacral end plate. Statistical analysis was performed by an 
independant coworker using Wilcoxon-rank test significance was 
assumed for p < 0,05. 
Results: Preop versus postop data are given here: Lordosis L1-
S1: 19,3° vs 50 ° (p < 0,0001), sacral slope: 21,4° vs 30,1° (p < 
0,0001), kyphosis T4-T12: 22,4° vs 2,5° (p < 0,0001)C7PL: 
108,4 pixel vs 36,8 pixel (p < 0,0001). Rate of intraoperative 
complcations was 21 %, rate of late postoperative complications 
was 21 %, revision rate was 31 %.  
Conclusions: The mean post-operative lumbar lordosis was 50°. 
The lumbar lordosis was corrected an average of 30°. In order to 
bring the sagittal profile in the physiologic range 50° of lumbar 
lordosis in necessary. . However, the incidence of intra – and 
postoperative complicationen is high and must be kept in mind. 
Therfore, we call for proper indications and recommend to 
perform this type of surgery only in highly specialised spine 
centers. 
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Introduction: Spinal metastases occur in 2-5% of all tumors. 
The incidence increases with increasing patient age. Clinically, 
spinal metastases often manifest with severe neurological 
deficits. Previous work has shown that a treatment combination 
of surgical resection and irradiation leads to improved 
neurological outcome with preservation of ambulation (Patchell 
et al. 2005). Due to the specific risk profile of older patients in 
this study associated operational risks, morbidity and mortality 
are to be investigated by metastases surgery in patients over 70 
years. 
Materials and methods: This is a retrospective analysis of a 
patient population of 495 patients with intraspinal metastases 
who were treated in the years 2005 to 2012 in our hospital. Of 
these, 70 patients were over 70 years old. The group of over 70 
year-olds was examined for morbidity and mortality associated 
with the surgical procedure. The severity of neurological 
impairment was assessed using the McCormick score, as 
outcome parameter the KPS, the burden of pain reflects the VAS 
again. 
Results: In the total of 70 patients, the median age was 75.5 
years, with a span of 70-95 years. The group consisted of 46 men 
and 24 women. The vast majority of the metastases originated 
from prostate cancer (24%) and lung cancer (21%). The 
metastases were localized to 53% in the thoracic spine section, 
20% were resident thoracolumbar and 6.2% lumbar. 
74% of the patients suffered preoperatively from medium to high 
grade neurological deficit, 8.5% of patients were symptomatic 
only with pain. Preoperatively the average of McCormick score 
was 3.5. 
The mean hospital stay for patients with instrumentation and 
decompression was 24 days, however, patients who were 
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decompressed without instrumentation left five days earlier, in 
the case of a vertebroplasty or biopsy at a mean of 10 days. 
9 patients (12%) experienced surgery-associated complications 
and had to be operated again. Internist complications occurred in 
21% of cases. 5 patients died (7.1%). The average of McCormick 
score was 2.5 at discharge. At discharge, the pain on the VAS 
were improved by an average of 2 points. The preoperative KPS 
had improved postoperatively from 52% to 61%. 
Discussion: The cumulative risk of surgical complications and 
associated morbidity and mortality in the surgical treatment of 
spinal metastases was about 42% in the 70-year-olds. Patients 
with severe neurological deficit benefit from surgery in terms of 
KPS, McCormick score and VAS. We conclude that the surgical 
treatment of spinal metastases in elderly patients with neurologic 
deficit represents a useful therapeutic option to improve the 
neurological outcome and regaining of independence in terms of 
increased morbidity and mortality compared to the control group 
of under 70 year olds.  
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Introduction: The main localizations of all osteoporosis-related 
fractures are the vertebral bodies. Patients with a vertebral 
fractures do have in 55-65% osteoporosis as well. Osteoporosis is 
described by many authors and studies as a cost-intensive 
widespread disease, which isn’t early detected and preventive 
treated as it should be. In clinical diagnostics the dual X-ray 
Absorptio Photogrammetry (DXA) and the quantitative 
computer-tomographie are the most common and used methods 
for the detection of osteopenia or osteoporosis. So the DXA - due 
to the many epidemiological existing data concerning the fracture 
risk- is the so called ‘gold standard’, first choice for detection and 
gives the basis for decision in the treatment of osteoporosis. 
However, the DXA method is not without controversy. The goal 
of our working group is to determine both qualitative and 
quantitative characteristics of bone tissue through an anatomic 
background study, incorporating current established clinical 
diagnostic techniques. 
Materials/Metheds: To achieve this, we developed a new 
method of software-supported bone mass analysis using 
microradiography and bony reference samples of sections of the 
distal radius. 
Computerized assignment of attenuation values to projected bone 
mass enables calibration of imaged samples so that comparisons 
using SI units (in this case mass units) are possible. 
Results: The computerized bone mass calculations correlated 
significantly with the macroscopic weighed controls r=0.937 
(r2=0.879, p=0.01). For further validation of the results and the 
method was an ashing of the bone-native preparations; this 
gained mass correlate also highly significantly r = 0.975 (r = 
0,951 m²). 
Conclusion: This new in vitro procedure is both practical and 
suitable to determine the bone mass of a microradiographically 
imaged bony section. Furthermore it could constitute the first 
step towards proving accuracy and validity of the current clinical 
established procedures for determining bone mass. 
Implementation of this technique “in vivo” into routine imaging 
practice is the goal of further studies and appears promising. 
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Introduction: In elderly people with osteoporotic bone sacral 
insufficiency fractures are becoming are more common 
diagnosis. To date there is no sufficient minimal invasive 
stabilization technique. Percutaneous iliosacral screws are not 
stable enough in osteoporotic bone and vetebro-pelvine fixation 
is invasive and bears a chance of higher complications. In this 
paper a percutaneous iliosacral compression osteosynthesis with 
a pelvine internal fixator and canulated iliosacral screws is 
described. 
Material and Methods: The patient is in prone position. First 
the ilisacral screws are inserted under fluroscopic guidance or 
navigational control. In the next step 9mmx90mm pedicle screws 
are inserted over the posterior, superior pelvic spine. They are 
connected with a w-shaped rod that is inserted subcutaneously 
and are locked with moderate compression. To date 10 patients (9 
female, 1 male, average age 78 y) with sacral insufficiency 
fractures were treated in this fashion. In 8 patients the fracture 
was bilateral ind 2 cases unilateral. The screw placement in the 
sacrum was controlled intraoperatively with 3D imaging. 
Results: In all cases the percutaneous iliosacral compression 
osteosynthesis with a pelvine internal fixator and canulated 
iliosacral screws was without technical problems. The average 
or-time was 83 minutes. There were no complications 
intraoperativly and in the postoperative course. In all cases pain 
was reduced postoperatively and all patients were mobilized 
under full wheight bearing. X-rays controlls were at 1, 3 and 6 
months. After 6 months all fractures were clinically and 
radiologically consolidated. In one case there was an early 
implant removal due to loosening of the screws after 4 months, 
the fractures were at this point however consolidated 
Conclusion: The percutaneous iliosacral compression 
osteosynthesis with a pelvine internal fixator and canulated 
iliosacral screws is an effective method to reduce pain and help in 
the mobilization of patients with sacral insufficieny fractures. 
The combination of ilisacral screws and pelvine internal fixator is 
biomechanically more stable than screw fixation alone. The 
percutaneous procedure is safe even for elderly patients. 
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Objective: Spine fractures often occur in patients with 
ankylosing spondylitis caused by minor trauma. Due to the low 
prevalence of the pathology, only few series are published and 
treatment guidelines are missing. 
Methods: We retrospectively reviewed our clinical database for 
pats. suffering from ankylosing spondylitis who underwent 
surgical treatment for spine fractures between 03/2008 and 
05/2013. Surgical time, hospital-/ICU-stay, pre- and postop. 
neurological symptoms, co-morbidities, perioperative 
complications and surgical strategy were assessed. 
Results: 17 pts (10 m /1 f; mean age 74 yrs, range 47 - 90) were 
operated for traumatic Bechterew fractures (10 cervical, 6 
thoracic, 1 lumbar) in a total of 34 surgeries with a mean 
operation time of 155 ± 58 min (60 - 309). 14 (82%) pats. 
suffered from more than 1 relevant co-morbidity prior to trauma. 
Mean hospital stay was 26 ± 17 d (6 - 70). 10 (59 %) pats. needed 
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ICU treatment (mean stay 13 ± 17 d, range 1 - 51) due to medical 
deterioration (6 x pneumonia, 2 x cardiac arrest 1 x cement 
embolism, 2x sepsis, 2 x kidney failure,1 x postoperative 
agitation). There were different operating strategies for cervical 
spine fractures: In 9/10 cases a 360 ° fusion was applied (5 x 
anterior - posterior, 4 x post. - ant.). In 2 cases surgery was 
realized 1-staged, in 7 cases 2-staged with a mean interval of 5 ± 
3 d (1 - 10). 1 pat. received mere dorsal instrumentation. 
Preexisting poor medical condition and clinical deterioration 
obviated a secondary ventral procedure. 5/7 (71 %) of the pats. 
with thoracic / lumbar fractures received a 360° fusion with 
primary posterior stabilization with or w/o laminectomy and 
secondary ventral corpectomy during the same hospital stay. 2 
pats. received mere percutaneous posterior instrumentation. 
8 pats. (47 %) had preoperative neurological deficits of whom 2/8 
pats. improved, 6/8 pats. were unchanged postop. 3 severe 
intraop. complications occurred (1 successful reanimation, 1 
cement embolism, 1 VA-dissection w/o neurological sequelae). 
There were 2 mild / moderate intraop. complications (1 
durotomy, 1 rod malposition). 3 pats. had revision surgeries for 
superficial wound infection, screw-loosening 3 months after the 
first operation and for early implant failure 24 hrs after ACDF 
with secondary fracture dislocation and permanent neurological 
deterioration. This pat. was immediately revised anteriorly and 
received dorsal instrumentation during the same surgical 
procedure. 7 (41%) pats. experienced medical complications (4 
pats.: i.e. pneumonia, kidney failure), or neurological 
deterioration (3 pats.) prior to surgery. These pats. had 
significantly longer hospital- (40 ± 18 d vs. 18 ± 8 d, p < 0.05) 
and ICU-stays (30 ± 16 d vs. 2 ± 3 d, p < 0.05). 27 medical 
complications occurred in 10 pts (59 %): 7 pneumonias, 6 
tracheotomy, 5 renal failures, 2 venous thromboses, 2 pleural 
effusions, 2 sepsis, 2 cardiac arrest, 1 urinary tract infection, 1 
pneumothorax, 1 stroke, 1 GI-bleeding with laparatomy and 
wound infection. 2 of these pats. (12 %) died during hospital stay 
from severe medical complications. 
Conclusion: Dorso-ventral spine instrumentation for ankylosing 
spondylitis fractures seem to be the surgical strategy of choice in 
these patients. The interval between trauma and surgery and in 
between 2-staged surgeries should be as brief as possible, as the 
patients are at high risk for neurological or medical deterioration 
prior to surgery resulting in significantly longer hospital- and 
ICU-stays. Surgery-associated complications were rare but the 
rate of medical complications was high in this patient group.  
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Introduction: Cement leakage in percutaneous balloon 
kyphoplasty is less frequent than in vertebroplasty and has been 
reported in 4-10% of cases.[1] We report on the first documented 
case to our knowledge of intradural PMMA-cement leakage 
following percutaneous balloon kyphoplasty. 
Material/Methods: An 83-year-old woman with a Th12 
osteoporotic vertebral compression fracture underwent 
percutaneous balloon kyphoplasty using polymethyl methacrylate 
(PMMA) at a local hospital. During the fluoroscopically guided 
procedure, the PMMA was seen to extravasate posterior to Th12, 
but no attempt for removal was taken. Postoperative radiographs 
showed intraspinal cement leakage posterior to Th12 (Fig. 1).She 
was transferred to our clinic nine days after kyphoplasty due to 
progressive severe low back pain with right-sided sciatica and 
weakness of hip-flexion. 
Results: Ten days after initial kyphoplasty, decompressive 
hemilaminecty of TH12 and dorsal instrumented stabilisation 

from Th11 to L1 was performed at our hospital. Some of the 
intraspinal PMMA was removed, but postoperative CT-scan 
revealed persistent cement located ventrally in the spinal canal. A 
second operation was performed and after further bony 
decompression and lateral durotomy, a large piece of intradural 
PMMA exerting pressure on the spinal cord was identified and 
removed (Fig. 1).Unfortunately, the patient worsened 
neurologically, reflected by a more paretic hip-flexion and 
impaired bladder control in the direct post-operative phase. The 
patient was dismissed to rehabilitation on day 7. 
Conclusion: Although percutaneous kyphoplasty is regarded a 
safe procedure[2],utmost caution should be taken to avoid cement 
leakage, especially when performed in the thoracic or upper 
lumbar spine, where compression of the spinal cord may occur.[3] 
Since intradural displacement of PMMA is probably due to a 
defect of the dura and of the posterior cortex of the vertebral 
body and/or medial wall of the pedicle, the needle tip must not 
cross the medial border of the pedicle in the anterioposterior view 
before having reached the posterior cortex of the vertebral body. 
Even if in most cases surgical removal of intraspinal PMMA 
extravasation leads to an improvement of pain and neurological 
status[4] this notion should be criticially appraised in case of 
direct involvement of the spinal cord. 
1. Hulme et al, 2006, Vertebroplasty and kyphoplasty: a 
systematic review of 69 clinical studies. Spine 2006; 31:1983-
2001 
2. Wardlaw D et al. Efficacy and safety of balloon kyphoplasty 
compared with non-surgical care for vertebral compression 
fracture (FREE): a randomised controlled trial. Lancet 
2009,;373:1016-1024 
3. Lee BJ et al. Paraplegia as a complication of percutaneous 
vertebroplasty with polymethylmethacrylate: a case report. Spine 
2002; 27:E419-22 
4. Wenger M, Markwalder TM: Surgically controlled, 
transpedicular methyl methacrylate vertebroplasty with 
fluoroscopic guidance. Acta Neurochir 1999; 141:625-631, 1999 
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Introduction: Lumbar facet joint synovial cysts are benign, 
fluid-filled sacs that develop in the facet joints of the lumbar 
spine as a result of degeneration. Intraspinal growth of those 
cysts can, if extended enough, cause radicular pain and spinal 
stenosis symptoms. Beside of conservative treatment such as 
observation or immobilization using a brace, there are also more 
invasive treatment options like percutaneous facet or epidural 
steroid injections and surgery. The most common types of spinal 
surgery for synovial cysts are either decompression surgery alone 
or combined with segmental spine fusion. We here present a 
method of percutaneous CT-guided contrast-enhanced distension 
and rupturing of synovial facet joint cysts. This outpatient and 
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cost effective procedure has only been occasionally described in 
literature but is neither widely spread nor considered as a serious 
treatment option. 
Material/Methods: A spinal needle is placed directly into the 
facet joint under CT-guidance and a mixture of local anaesthetic, 
contrast medium and steroid is injected in to the joint space in 
attempt to rupture the cyst. The communication between the facet 
joint and the synovial cyst can be showed in the simultaneously 
performed facet joint arthrogram. Since 2010 we applied this 
procedure in 16 patients and cysts. Rupture of the synovial cyst 
could be achieved in 12 of them, in the remaining 4 patients 
access to the facet joint was impossible due to advanced 
degeneration and tortuous osteophytes of the joint. 
Results: In this retrospective setting with 9 female and 7 male 
patients mean age was 56,5 years (19 - 86) and an average 
follow-up was 240 days. Excellent or good relief of symptoms 
was achieved in two third of the patients. In five patients without 
pain relief and persistent cyst a microsurgical removal of the cyst 
was performed soon after percutaneous treatment, in two cases 
additional dynamic stabilisation and in two cases interspinous 
implants were used. 
Conclusion: Percutaneous CT-guided facet joint cyst rupturing 
procedures appear to be a safe and effective alternative treatment 
to surgery in patients who present without signs of central spinal 
canal stenosis and without significantly degenerated facet joints. 
This procedure often results in avoiding subsequent surgery and 
should be considered as a first line treatment in selected patients 
with lumbar facet joint synovial cysts. 
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Introduction: Acute neurological deficits in the elderly patients 
find their cause not uncommonly in spinal pathologies. Both 
benign and malignant correlates can be found in the clinical 
practice. The spontaneous spinal epidural hematoma is a rare 
pathology (Lo et al., 2012), which also challenges experienced 
Spine Surgeon, due to the difficult diagnosis. Furthermore he 
should always pay attention on any of the patients and general 
economic resources. 
Material: We describe the case of a hitherto healthy 74 years old 
female patient with an acute, atraumatic incomplete transverse 
spinal cord syndrome subL5, Frankel degree D (Maynard et al., 
1997). An epidural space-occupying lesion from Th11-L2 of 
vague consistence, was shown in a carried out magnetic 
resonance imaging (MRI) of the spine. Because of increasing 
complaints in synopsis with the morphological changes in the 
MRI, we performed a microsurgical decompression and sinistral 
hemilaminectomy Th10-L2. Furthermore, a physiotherapeutic 
adjuvant treatment was carried out. 
Results: A decrease of the initial complaint symptoms were 
already seen on the second postoperative day. The 
histopathological examination showed a hematoma without 
evidence of malignancy. Furthermore the additional coagulation 
diagnostics showed no evidence of a blood-clotting disorder as 
the cause of spontaneous intraspinal bleeding. The primary 
wound healing succeed without any difficulty. 
Discussion: In this case we show a positive postoperative 
outcome of the underlying disease in the older patient group. An 
already 2 days postoperatively significantly shown decrease of 
the initial present acute neurological deficits, shows the possible 
benign dynamics for low-invasive surgery interventions. The 
development of secondary axis misalignments due to the partial 
loss of the ligamentotaxis must be examined in the further 
follow-up treatment. In addition it has to be discussed, whether a 

singular conservative approach, depending on the preoperative 
sensorimotor status, is equivalent to operative procedures (Kim et 
al., 2012). 
Kim, T., C. H. Lee, S. J. Hyun, S. H. Yoon, K. J. Kim, and H. J. 
Kim, 2012, Clinical Outcomes of Spontaneous Spinal Epidural 
Hematoma : A Comparative Study between Conservative and 
Surgical Treatment: J Korean Neurosurg Soc, v. 52, p. 523-7. 
Lo, C. C., J. Y. Chen, Y. K. Lo, P. H. Lai, and Y. T. Lin, 2012, 
Spontaneous spinal epidural hematoma: a case report and review 
of the literatures: Acta Neurol Taiwan, v. 21, p. 31-4. 
Maynard, F. M., Jr., M. B. Bracken, G. Creasey, J. F. Ditunno, 
Jr., W. H. Donovan, T. B. Ducker, S. L. Garber, R. J. Marino, S. 
L. Stover, C. H. Tator, R. L. Waters, J. E. Wilberger, and W. 
Young, 1997, International Standards for Neurological and 
Functional Classification of Spinal Cord Injury. American Spinal 
Injury Association: Spinal Cord, v. 35, p. 266-74. 
 
P 22 
Minimum Ten-Year Follow-up of Spinal Stenosis with 
Degenerative Spondylolisthesis Treated With Decompression 
and Dynamic Stabilization 
*K. Veresciagina1, A. Mehrkens1, S. Schären1 

1Universitätsspital Basel, Wirbelsäulenchirurgie, Basel, Schweiz  
 
Introduction: Posterior nonfusion pedicle-screw-based 
stabilization is a controversial area of spine surgery. The Dynesys 
system remains the most widely implanted posterior nonfusion 
pedicle screw system. Various study designs with good to 
excellent short- and mid-term results have been reported in the 
current literature. However there is a lack on information 
concerning long-term outcomes following treatment for spinal 
stenosis with degenerative spondylolisthesis. 
Methods: 40 consecutive patients according to our inclusion 
criterions (mean age 66.98 at the operation time) with 
symptomatic lumbar spinal stenosis and degenerative 
spondylolisthesis underwent interlaminar decompression and 
stabilization with Dynesys instrumentation. Patients were 
evaluated clinically and radiologically after a minimum follow-
up of 10 years (range 10-13 years). 
Results: At final follow-up the mean back pain on VAS was 31% 
and leg pain 23.5% of the patient population. The pain and the 
walking distance improved significantly (p< 0.05) compared to 
preoperative examination. The mean value of pain subscale due 
to NASS was 28.51% (range, 0-70). The mean value of 
neurologic subscale due to NASS was 22.82% (range, 0-60). The 
mean value of activity was 22.8% (range, 0-51.11) respectively. 
In plain and functional radiographs the mean Listhesis grade was 
10% (range, 0-22.5%). There was one case of implant failure. 
There were 2 screws that showed radiolucent lines in terms of 
loosening. There could be no screw breakage documented. In one 
case there was an implant failure documented and the patient had 
undergone Dynesys-explantation and was provided with the same 
stabilization device. In three patients (7.5%) there were no 
radiological changes in the operated and adjacent segments. 
There were 17 patients (42.5%) with progressing degenerative 
osteochondrosis in the adjacent segments, and 8 patients (20%) 
with progressing listhesis at the adjacent segments. Twelve 
patients (30%) had both degenerative osteochondrosis and 
listhesis of the adjacent segments. 35 patients (87.5%) were 
satisfied with the treatment and would definitely undergo the 
same procedure again. Five clinical subjects (12.5 %) would not 
undergo the same procedure once more.  
Conclusions: Mono- and bisegmental Dynesys instrumentation 
shows good to very good long-term results. It maintains enough 
stability to prevent progression of spondylolisthesis. The rate of 
secondary surgeries is comparable to other dorsal instrumentation 
devices. Dynesys stabilization system remains a possible 
alternative to other stabilization devices in elderly patients.  
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Question: For the surgical treatment of unstable odontoid 
fractures in old age several several surgical procedures are 
possible: direct anterior screw fixation of the dens, with one or 
two screws at the age often leads to of pseudarthrosis of odontoid 
with an unstable fracture situation. This leads to the loosening of 
screws in osteoporotic bone metabolism. Revision surgery as the 
dorsal open technique with C1/C2-screw fixation and iliac crest 
bone graft and cerclage is very stressful for the elderly. The 
dorsal percutaneous screw fixation C1/C2 can lead to healing of 
the odontoid fracture. After completion of the fracture healing the 
screw fixation can be removed. 
Methodology: In a prospective study was carried out in 10 
patients over 60 years with unstable pseudarthrosis of odontoid a 
revision surgery with percutaneous posterior stabilization with 
C1/C2-screw fixation. All patients received an initial anterior 
screw fixation with one or two screws. In the absence of fracture 
healing, or screw loosening with pseudarthrosis of the odontoid a 
revision surgery was performed with percutaneous posterior 
stabilization with C1/C2- screw fixation. The surgery was 
performed with 3D image converter for documentation of the 
reposition preoperatively and postoperatively to control the screw 
position. Intraoperative the percutaneous approach was the exact 
image converter in two planes, ap and strictly laterally. 
Postoperative clinical controls were performed and CT inspection 
to document the stability and healing of the pseudarthrosis of the 
odontoid.  
Results and conclusions: In the period from January 2007 to 
December 2012 in 10 patients with unstable pseudarthrosis of the 
odontoid after previous anterior screw fixation, was carried out 
the posterior stabilization with percutaneous screw fixation 
C1/C2.  
4 women and 6 men with a mean age of 69.8 years / - 7.7 
(median 70, min 57, max 82) were stabilized. 
The mean op time was 59.9 min / - 38.8 (median 45, min 36, max 
165). In the mean follow-up of 382 days / - 324 (median 273), all 
patients had a stable course. In 8/10 patients healing of the 
pseudarthrosis of the odontoid could be demonstrated by CT. In 
3/10 the dorsal screws were removed. 
Inference: The C1/C2 dorsal percutaneous screw fixation for 
unstable pseudarthrosis of the odontoid is a safe and promising, 
the patient little burdensome procedure. With the help of 3D 
imager operating profit can be improved. Especially the older 
patients benefit from this supply strategy with high healing of the 
pseudarthrosis of the odontoid. The metal removal can be 
effected by healing of the pseudarthrosis of the odontoid, and 
thus the C1/C2-Gelenk be reproduced freely. 
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Introduction: Intervertebral disc (IVD) functions to transmit 
loading of the spine and the loadings applied on the disc are 
always a complex loading of compression, torsion and bending. 
Complex loading affects the disc mechanical behavior and its 
ability to withstand various loading [1]. Research on in vitro IVD 
mechanobiology has been limited on axial compression, whereas 
the importance of torsion and “twisting” are often overlooked. 
Here, we present cell viability data of IVD organ culture under 
two degree of freedom (compression and torsion) loading, using 
a novel design of a bi-axial mechanical loading bioreactor to 
compare the significance of compression and torsion on the IVD. 
Material/Methods: Bovine caudal IVDs with endplates were 
isolated as previously described [2] and mechanical loading was 
applied using a 2 DoF loading bioreactor for 14 days. [3] Discs 
were assigned to different loading groups: 1) No loading (NL), 2) 
cyclic compression (CC) [8h: axial compression of 0.6 ± 0.2 
MPa, 0.2 Hz], 3) cyclic torsion (CT) [8h: ± 2° torsion, 0.2 Hz, 0.2 
MPa compression], 4) cyclic compression & torsion (CCT) [8h: 
0.6 ± 0.2 MPa, 0.2 Hz & ± 2° torsion, 0.2 Hz]. Disc tissue was 
stained with live/dead stain and imaged with a confocal 
microscope for cell viability assessment. Cell apoptotic activity 
was measured by Caspase 3/7 assay normalized to total protein 
content measured by Bradford assay. Real-time RT-PCR was 
also performed. Histology was performed to access morphology 
of the IVD cells at different regions. 
Results: Result showed large drop in nucleus pulposus (NP) cell 
viability in the CCT group to 10 %, while cell viabilities were 
maintained above 60% in both the NP and the annulus fibrosus 
(AF) of all the other groups. Apoptotic activity was significantly 
increased in CC, but not CCT, reflecting cell death in NP was not 
due to apoptosis but necrosis. Relative gene expression showed 
significant upregulation of COL1, COL2 and biglycan in the AF 
of the CCT group, also there were remodelling genes switched on 
like ADAMTS4 and MMP13 in the CCT group only (Fig. 2). 
GAG content was generally increased in the AF of all 3 loading 
groups, but not statistically significant.  
Conclusion: Cyclic torsion and combined cyclic compression 
and torsion were successfully applied to disc explants for 14 
consecutive days using a new designed bi-axial loading device. 
Results revealed a deleterious effect of combined cyclic 
compression and torsion at physiological magnitudes on the NP 
but not AF indicating a region specific response of the disc to 
complex loading.  
References: [1] Aultman CD et al. (2004) Spine 29: E304-9. [2] 
Chan SCW et al. (2012) J Vis Exp 60. e3490. [3] Walser J, et al. 
(2012) Replacing animal models: a practical guide to creating 
and using biomimetic alternatives. Book Chapter 
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Introduction: Notochordal Cells (NC) are shifted back into 
focus due to their apparent action of activating other disc cells via 
indirect release of yet unknown factors into the medium 
(conditioned medium = CM) [1,2]. Recent evidence confirms the 
results from the late 90ies [3,4]. Here, we test porcine (p) NC 
cultured in 3D and the influence of adding serum or using serum-
free medium onto the culture on NC cells and its stimulating 
effects for subsequent co-cuture with primary bovine (b) nucleus 
pulposus (bNPC) and annulus fibrous cells (bAFC). 
Material/Methods: primary pNC, bNPC and bAFC were 
isolated from fresh porcine tails (< 6-12 months age) or bovine 
tails (~1 yr age), which were obtained from the food chain. 
Primary bNPC and bAFC were isolated of 1 yr old cow tails and 
using a mild serial pronase/collagenase 2 digestion protocol. All 
Cells were seeded into 1.2% alginate, each with a density of 
4x106/mL. NC were then either cultured for 7 days in serum free 
medium (SFM = Dulbecco’s Modified Eagle Medium [DMEM] 
supplied with ITS+, 50μg/mL vitamin C and non-essential amino 
acids) or in presence of DMEM + 10% fetal calf serum (FCS). 
CM was produced from NC collecting 4mL SFM and keeping 
~30 beads for 7 days. Then, a co-culture was set-up in SFM for 
14 days using indirect cell-cell contact (culture insert, high 
density pore, 0.4 μm) using a 50:50% ratio of pNC:bNP or bAF 
[5], or by addition of CM, respectively. The Glycosaminoglycan 
per DNA (GAG/DNA) ratio, real-time RT-PCR of IVD relevant 
genes and cell activity was monitored. The 3D cultures were 
maintained in normoxic (20% O2) and under hypoxic (2% O2) 
conditions. 
Results: GAG/DNA ratio was slightly increased in hypoxia 
relative to day0 and relative to normoxia (Fig. 1). bNPC cells 
were tended to be more strongly activated in hypoxia but in 
coculture under a 50:50 ratio with pNC that were for 7 days kept 
in DMEM + 10% FCS the GAG/DNA ratio was up-regulated by 
almost 300% (Fig. 1). CM did not show any stimulating effects 
on bNPC nor on bAFC. Furthermore, cell activity as measured by 
resazurin red tended to be increased in pNC even after 14 days 
post-switch to SFM for co-culture experiments. 
Conclusion: Our results confirm hypoxia as a somewhat superior 
condition to normoxia [6] but also show stimulating effect of 
FCS to pNC for subsequent coculture. 
References:  [1] R. Cappello et al. (2006) Spine 31, 873-82, [2] 
D. J. Aguiar et al. Exp Cell Res 246, 129-37 (1999). [3] D. 
Purmessur et al., (2011) Arthritis Res Ther 13: R81, [4] C. L 
Korecki, J. M. Taboas, R. S. Tuan, J. C. Iatridis, (2010). Stem 

Cell Res Ther 1: 18, [5] B. Gantenbein-Ritter, S. C. Chan, Eur 
Spine J 21 Suppl 6, 819-25 (2011). [6] W. M. Erwin et al. (2009) 
Neurosurg Spine 10, 513-21. 
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Medicine (CABMM), University of Zürich.  
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Objective: There is a well-known discrepancy of radiological 
and clinical appearance in cases of vertebral disc degeneration. 
On the molecular level this may be explained by different 
proteoglycan concentrations in the nucleus pulposus (NP) and 
annulus fibrosus (AF), respectively. Although several 
radiological classification systems exist, none includes 
biochemical features. Research in this area was conducted mostly 
on lumbar post-mortem samples. Therefore we focused in our in 
vivo study on a widely spread and less expensive imaging 
technique for the cervical spine and the correlation to 
biochemical equivalentsin the intervertebral discs. The objectives 
of this pilot study were (1) to determine whether measuring the 
PG content in human cervical intervertebral discs (IVD) is 
feasible, (2) whether there is a quantitative distribution of PG in 
cervical discs, and (3) to demonstrate a correlation between 
radiology and molecular biology. 
Methods: Prospective experimental pilot study. 4 non-responders 
to conservative therapy (mean 45,6 years, m:f = 3:1) were 
radiographically evaluated [1,2] before surgery. The grade of 
cervical disc degeneration was classified by X-ray and MRI. A 
total of 48 samples out of 6 discs with their NP and AF were 
analysed for glycosaminoglycan (s-GAG) content using DMMB 
(dimethylmethylene blue) method. 
Results: In the grading system for degenerative cervical spine 
pathology based on MRI there were 3 Grade III (50%) and 3 
Grade IV (50%); the other grades on this scale from I-V were not 
represented. In the corresponding system based on X-Ray there 
were 2 Grade I (33%),4 Grade II (66%), and 0 Grade III (0%). 
There was a trend for the MR grading system to be negatively 
correlated with the mean content of GAGs in tissue of NP and to 
be positively correlated with the mean content of GAGs in tissue 
of AF. However this did not reach statistical significance. 
Conclusions: Even though radiological grading systems are 
frequently used for classifying cervical disc degeneration, the 
biochemical correlation seems to be weak. Nevertheless we could 
show a trend for MR imaging to be a possible tool in non-
invasive determination of disc degeneration. But the appropriate 
MR modalities require further investigation. Though our results 
are preliminary, forthcoming experimental data will challenge or 
underline our conclusion. 
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Introduction: It is well established that smoking has a myriad of 
negative effects on varies aspects of bodily health. Amongst 
them, also lasting adverse effects on postoperative outcome have 
been identified. The aim of this study was to examine the effects 
of smoking on the postoperative subjective pain course and 
health related quality of life (HRQoL) until 1 year after surgery 
for lumbar disc herniation (LDH). 
Materials/Methods: This prospective cohort study included 
patients ≥ 18 and ≤ 90 years of age with a symptomatic and 
radiological verified LDH. The current smoking patient 
collective (smoking 1 or more cigarettes a day) was compared 
with the non-smoking collective (previous smokers without 
cigarette consumption for > 2 month and never smokers) in 
respect of subjective pain sensation (measured with the visual 
analogue scale (VAS) score) and HRQoL using the SF12 
questionnaire preoperatively, before discharge, as well as after 4 
weeks and 1 year postoperatively. 
Results: A total of 102 patients were enrolled in the study. 
Thirty-eight patients were current smokers (37.2%), whereas 43 
(42.2%) and 21 (20.6%) patients were never-smokers and 
previous smokers, respectively. Besides a higher prevalence of 
sensory deficits in smoking as compared to non-smoking patients 
(76.3 % vs. 53.1 %,p=0.022), there were no significant 
differences between both study groups. Intra- and perioperative 
complication rates were similarly low in both study groups. Also, 
estimated blood loss, length of surgery and length of hospital stay 
did not differ. Four weeks after surgery, both smokers and non-
smokers reported increase in the HRQoL as compared to 
preoperative values - the mental component score (MCS) 
increased more than the physical component score (PCS). The 
primary outcome measures were the SF-12 scores (MCS and 
PCS) categorized into responders and non-responders. From a 
univariate and multivariate perspective, smoking status did not 
predict responder status.  
Conclusion: The present study results could not confirm the 
hypothesis that smoking was associated with worse outcome after 
surgery for LDH. 
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Introduction: To know the exact shape of vertebra endplates is 
an important prerequisite for the optimal design and placement of 
fusion implants and disc prostheses. Despite a lot of biometric 
studies targeting diverse parameters of vertebra and the 
construction of polygonal vertebra models, the analytical shape 
of the axial geometry of the endplates was less investigated. We 
developed a curve model to represent the endplate and to 
quantify the change of the vertebra shape along the lumbar spine. 
Materials/Methods: The algorithmic model consists of a 
mirrored curve (4-point bezier path) restricted to 10 relevant 
parameters. We used curve adaption algorithms to adapt our 
model to a given segmentation and to find a polynomial that 
describes changes of the model along the spine. 
Results: A software tool was implemented and validated that 
supports easy, fast and accurate segmentation of the endplates in 

axial CT cross sections. From the segmentation it generates the 
closest of a selected class of models. If such models are given for 
several levels, it is able to derive polynomial functions to 
describe the change of the model parameters along the spine. The 
tool is freely available. 
Discussion: The tool will help to define the biometric parameters 
of endplate shapes more precisely. Future studies based on the 
tool will pave a way to predict individual endplates as precise as 
possible solely based on measurements of the coronal width and 
sagittal length of vertebra in x-ray images. This would build on 
earlier studies that derived other vertebral parameters from 
simple measurements in x-rays. In cases where no CT-images are 
available or should be avoided due to radiation, the optimized 
shape description of the endplates may lead to improved implant 
selection and placement. 
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Introduction: Compression trauma (A3.3 to Magerl`s 
classification) as seen in human intervertebral discs (IVD) leads 
to disc cell death and may cause the development of balloon 
cells. Similar cell nucleus morphologies as seen in balloon cells 
are visible in tissues of high activity. Recent publications were 
able to show signs of degeneration and disc cell death (DCD) 
post endplate lesions and annular incisions. The present study 
was undertaken to examine similarities in cell morphologies and 
macro-morphology of compression injury in human IVD`s and in 
discs gained from bovine tails subjected to impact loading. We 
hypothesised a change from healthy cells to balloon cells as a 
result of compression trauma. 
Materials/Methods: Eight IVD`s from 8 patients with A3.3 
fracture were obtained intraoperatively between 0-3 days post-
trauma (pt). Degeneration was scored as DG I-II. These were 
compared morphologically to 8 discs from 2 bovine tails (mean 5 
yrs, DGI). Dropped weight studies (1.096-2.473 J/ccm) were 
performed at 1 hour (h) post-mortem (pm). Bovine samples were 
studied histologically/ultrastructurally at 6/12 h`s pm and stored 
in F12 medium pm. Changes in macro-morphology and histology 
were noted. Cell morphology was examined ultrastructurally to 
identify and quantify healthy, balloon, chondroptotic, apoptotic 
and necrotic disc cells (SPSS 20). Four bovine discs not 
subjected to dropped weight impaction were examined as control 
after 1/6/12 h’s pm. 
Results: Marco-morphology showed radial annulus ruptures in 
half of the loaded bovine discs similar to human specimen’s pt; 
vertebral endplate fractures and total annulus ruptures were 
obvious according to A3.3.-fractures. Histology revealed ruptures 
in all compartments. Human and bovine discs presented DCD 
(bovine 50-77%; human 38-100%), mainly by necrosis. Three 
discs of each species presented balloon cells in a small number 
post compression (2-19%); balloon cells were found in the 
bovine discs post absorbed energy of 1.263-1.450 J/ccm. None 
were found in the control. Below this energy less disc cell death 
and no balloon cells were found. Above more necrosis, 
apoptosis/chondroptosis but no balloon cells were obvious. DCD 
was significant higher in the compression group compared to the 
control group (6 h AF: p=0.006). Compared to the control 
slightly less disc cell death, was seen at 12 h pm (p=0.014) with a 
trend to more healthy cells compared to 6 h pm (AF: p=0.026). 
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Conclusion: In the first days pt disc cell death via necrosis is 
common in all disc regions (annulus-nucleus). Discs subjected to 
dropped weight loading showed similarities to human 
compression injury in disc matrix and cell morphologies. Even 
though some regeneration was obviousin vitro, disc cell death pt, 
endplate lesions and annulus ruptures might cause a diminished 
nutrient supply and the further survival is highly questionable. 
Moreover, this study confirms balloon cells to arise after 
compression trauma. 
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Introduction: Discrepancies in leg length - defined here as 
femoral head discrepancies (FKH) represent a common problem 
which 40% to 70% of the population are suffering from (Gurney, 
2001). Literature describes a wide variety of static compensation 
mechanisms of the body on an existing leg length difference. 
Brady et al. (2003) described a scoliotic deviation of the spine 
towards the shorter leg as a typical reaction. However, based on 
practical, but not yet sufficiently validated experiences, also 
opposite deviations of the spine occur. The purpose of this study 
is to describe the different strategies of pelvis, sacrum and lumbar 
spine in the frontal plane in patients with FHD. 
Material/Methods: 46 Patients, aged 39-69 (52 ± 12) years with 
unilateral femoral head discrepancy (FKH) from 1 mm to 19 mm 
(7 ± 5 mm) were analyzed. The parameters used were direction 
and amount of inclination of iliac crests, sacrum, fourth vertebra 
and lumbar spine as well as form and direction of the discrepancy 
of the spine. A 4D-Scan of the spine, as well as an antero 
posterior radiograph of the lumbar spine and pelvis were 
performed in all patients. Descriptive statistics, correlations 
(Spearmen) and mean comparisons (Mann-Whitney-U) between 
all collected parameters were used to describe the relationship 
between the FKH and postural strategies of the spine. The 
statistical level of significance was set at α = 0.05.  
Results: It turned out that pelvis, sacrum and the fourth lumbar 
vertebra in more than half of all cases inclined on the opposite 
side of the FKH. However, the mentioned structures often 

showed a contrary reaction. Established by X-ray, the parameters 
pelvis inclination (r = 0.71) and sacrum inclination (r = 0.65) 
show a strong correlation with the FKH. No correlation could be 
found between particular forms of spine inclination or spinal 
deviation form and the amplitude of FKH. 
Conclusion: This study shows a variety of postural 
compensation strategies of pelvis and spine in patients with FKH. 
Even though the affected structures show a strong tendency 
towards a certain compensation strategy, also opposite reactions 
occur in practice. When confronted with leg length related 
problems, a detailed and individual description of existing 
mitigation strategies is essential in order to initiate a suitable 
therapy. This study underlines the importance of a detailed 
analysis of the entire spine-pelvis interaction, followed by a 
differentiated treatment and therapy of patients with FKH. 
Literature: Brady, R.J., Dean, J.B.., Skinner, T.M.. & large, 
M.T. (2003). Limb length inequality: Clinical implications for 
assessment and intervention.Journal of orthopaedic & sports 
physical therapy,2003,33(5), 221-234. Gurney, B. (2001) leg 
length discrepancy. Gait and Posture, 2002(15), 195-206. 
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Introduction: The complex architecture of the intervertebral disc 
remains an obstacle for the development of regenerative 
approaches to reconstruct intervertebral discs. With the purpose 
to utilize mesenchymal stem cells or other cells capable to 
undergo chondrogenic differentiation for disc reconstruction, 
reliable disc tissue markers are needed. Therefore, this study 
aimed to identify the in vitro/in situ expression profile of 
Annulus fibrosus (AF) and Nucleus pulposus (NP) cells of the 
human intervertebral disc, to test the stability of the marker 
expression during cell expansion and to analyze the influence of 
the cell isolation procedure on their expression. 
Materials and methods: Freshly isolated AF and NP cells were 
characterized for gene and protein expression of selected marker 
proteins such as type I, II, III collagens, sox9, cartilage 
oligomeric protein (COMP), aggrecan, decorin, the ligament 
markers scleraxis and tenascin C using real time PCR and 
immunolabellings. An early (passage [P] 2-3) and a later 
culturing passage (P6) were included into the analyses to identify 
the cell expansion associated differentiation shift. Further, disc 
cells (AF and NP cells pooled) were harvested using two 
different isolation procedures (enzymatic cell release vs. cell 
isolation using explant culture) and their expression profile was 
compared in P2. Finally, to get a directin vitro/in situ comparison 
disc tissue sections were immunolabelled for marker proteins. 
Results: Disc cells expressed the gene of the tendon-/ligament 
marker scleraxis. AF and NP cells in P2-3 revealed differences in 
their gene expression, whereby the genes of the chondrogenic 
transcription factor sox9 and the proteoglycan decorin was 
higher, but the type I collagen gene was lower expressed in NP 
than in AF cells. However, in P6 the expression levels 
approximated. Comparing the gene expression profiles of the disc 
cell population harvested via both different isolation procedures 
type I, III collagens, aggrecan and decorin were higher, but 
COMP, sox9 and scleraxis lesser expressed in enzymatic isolated 
cells than in using explants culturing recruited cells. The 
immunofluorescence labeling indicated that the fibroblast marker 
tenascin C could only be detected in vitro in both cell types but 
not in situ. Type II collagen protein expression was discernible in 
vitro and in situ in both cell types but decreased in vitro in P6. 
Discussion: During intervertebral disc cell expansion in vitro it 
should be strongly considered that in addition to the risk of their 
dedifferentiation the cell isolation procedure influences their 
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expression profile. Further, attention has to be paid the fact that 
AF and NP cells can express markers which could not be 
detected in situ. 
 
Fig. 1 
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Introduction: The calcium binding proteins parvalbumin, 
calbindin and calretinin which are members of theEF hand 
family, are cytoplasmic proteins with the capability of buffering 
excessive intracellular calcium influx which results into a 
neuroprotective effect. The aim of the present study was to 
examine the expression of parvalbumin, calbindin and calretinin 
in the rabbit thoracic spinal cord after chronic experimental 
compression. 
Material/Methods: A rabbit model of subacute and chronic 
spinal cord compression was used which allows for a gradual 
270° compression of the spinal cord (experimental group n=25, 
control group n=5). Once neurological deficits had developed the 
spinal cord was decompressed by removal of the compressing 
silicone band. Spinal cords were perfusion fixed with 4% 
paraformaldehyde and epicentres were removed, stained 
immunohistochemically (single and double labelling techniques) 
with antibodies against parvalbumin, calbindin and calretinin and 
analyzed with light and confocal laser microscopy. Clinical 
outcome variables and histological results were correlated and 
differences in outcome groups compared. 
Results: In normal rabbit spinal cord calretinin and parvalbumin 
was colocalized in ventral horn alpha motoneurons as well as in 
smaller dorsal and ventral horn interneurons. Calbindin showed a 
complementary distribution pattern with instense staining of 
substatia gelatinosa neurons and neuropil. Alpha motoneurons 
only showed light calbindin immunoreactivity. After spinal cord 
compression some of the ventral horn motoneurons expressed 
calbindin especially in amimals with severe neurological deficits 
and a good recovery. Animals with no recovery and a permanent 
deficit did not show calbindin positive motoneurons. 
Conclusion: These preliminary results show that the protein 
expression patterns change significantly between experimental 
and control groups with de novo expression of calbindin in 
ventral horn neurons and reduced expression of calretinin and 
parvalbumin. The results furthermore demonstrate differential 
functions/effects of parvalbumin and calretinin one the one hand 
and calbindin on the other.  
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Introduction: A successful cell-therapy of disc degeneration 
requires long-term survival and metabolic activity of injected 
cells in the degenerative disc environment that is affected by low 
nutrient supply, decreased osmolarity and pro-inflammatory 
conditions. We have simulated in a bovine disc organ culture 
system degenerative and pro-inflammatory conditions and 
evaluated this approach with regard to its suitability for testing 
the fate of injected cells under these conditions. 
Material and Methods: Bovine caudal disc punches (each 5-6 
discs from 16 specimens) were exposed to needle-puncture 
and/or application of pro-inflammatory molecules (LPS, IL1β), 
while untreated samples were used as controls. The induction of a 
pro-inflammatory response was evaluated by quantification of 
prostaglandin E2 (PGE2) production in supernatant and by gene 
expression analysis of pro-inflammatory cytokines, MMPs, 
aggrecan and collagen type II (coll-2) from isolated disc cells. 
The metabolic profile of discs was traced by quantification of 
glucose consumption. To simulate normal versus degenerative 
conditions, culture medium was either maintained at 
physiological conditions with regard to glucose-supply (5 mM) 
and osmolarity (400 mOsm) or exposed to low-glucose condition 
(0.05 mM) and reduced osmolarity (300 mOsm). After culture 
initiation, part of the discs was injected with fluorescence labeled 
cells (PKH-67/26) within an albumin-based hydrogel scaffold. 
Discs with injected cells were analyzed after 1, 2 and 4 weeks by 
histomorphology, immunohistochemistry and by determination 
of glycosaminoglycan (GAG) content. 
Results: Treatment of needle-punctured disc organ cultures with 
LPS or IL1β increased PGE2 12-fold in conditioned media of the 
disc explants. Although glucose concentration in supernatant was 
above 1 mM at all time points, LPS-treated samples showed 
higher glucose consumption than controls. Preliminary 
evaluations showed that cells isolated from the LPS- or IL1β-
treated discs increased expression of IL-6, IL-8, MMP-1 and 
MMP-3, and decreased coll-2 and aggrecan expression. GAG 
contents of the disc explants decreased (62,4 ± 9%) within 2 
weeks in culture. Fluorescent cells could be detected at each 
sampling time point in the disc explants. The analysis of possible 
differences between cells under normal and degenerative 
conditions is subject of ongoing investigations. 
Discussion: By simulation of degenerative or inflammatory 
environment conditions we could increase in our organ culture 
system PGE2 release andexpression of matrix degrading enzymes 
and interleukins, and decrease matrix protein expression by disc 
cells. The monitoring of injected fluorescence-labelled cells 
allows continuous characterization of cell reactions in a 
simulated degenerative environment. This model might be a 
promising approach for in vitro testing of regenerative or anti-
inflammatory treatment strategies of disc degeneration. 
Supported by Deutsche Wirbelsäulenstiftung. 
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Introduction: After spinal cord injury (SCI) a major part of 
patients develops muscle atrophy and osteopenia, which 
contributes to a variety of complications. The aim of our 
investigation was a simulation of SCI in an animal model and the 
investigation of effects of the new therapy of whole body 
vibration (WBV) and its effects on muscles and bones. 
Material/Methods: We performed severe compression SCI at 
low-thoracic level in adult female Wistar rats and subjected them 
to whole-body vibration (WBV) therapy. WBV training was 
performed daily starting 7 and 14 days after injury and continued 
over a 12-week post-injury period. Intact rats (no SCI) and rats 
with SCI but no WBV training (sham) served as controls. 
Recovery of locomotion was analyzed using video recordings of 
beam walking and inclined ladder climbing. We correlated 
functional results with the degree of atrophy of the soleus muscle. 
Another aim of the study was to analyze the influence of SCI and 
WBV on the morphology of the femur (length, weight, thickness, 
densitometry, histomorphometry). 
Results: To our astonishment, regardless of the postlesional 
treatments applied, neither of these values were changed at 12 
weeks after SCI, there were no signs of muscle atrophy at all. 
Similar results were found in the femur, no negative 
developments were found. 
Conclusion: Our animal model does not seem to be completely 
applicable on the situation of humans suffering from SCI. While 
rats rely on mobility for ingestion and social interaction, human 
patients are often confined to bed or wheelchair postlesionally. 
Although spared axonal bundles and segmental neurons may 
provide sufficient though indirect trophic support to the hindlimb 
muscles, it is imaginable that an aggressive early mobilisation of 
patients with SCI may prevent atrophy and osteopenia.  
 
P 35 
Effect of whole body vibration on motor recovery after 
compressive spinal cord injury 
*G. Stein1, D. Angelov2, L.P. Müller1, P. Eysel1, E. Skouras1 

1Uniklinik Köln, Klinik für Orthopädie und Unfallchirurgie, 
Köln, 2Universität zu Köln, Institut für Anatomie, Köln 
  
Introduction: Knowledge on the recovery of motor deficits after 
traumatic spinal cord injury (SCI) is crucial for understanding the 
mechanisms of such recovery. 
Whole-body vibration (WBV) is a relatively novel therapy for 
patients with neurological disorders. It has been only barely 
tested in animal models of SCI. 
Material/Methods: We performed severe compression SCI at 
low-thoracic level (Th8) in 32 adult female Wistar rats which 
was followed by daily WBV therapy starting 7 or 14 days after 
injury and continued over a 12-week post-injury period. Intact 
rats (no SCI) and rats with SCI but no WBV (sham) served as 
controls. Previously established locomotor rating and numerical 
assessment of plantar stepping and skilled limb movements were 
used besides H- and M-reflex to evaluate the effects. 
Results: Our study revealed significantly improved body weight 
support in the group which started WBV after 14 days in 
comparison to all other control groups. Otherwise, no significant 
differences were found. 
Conclusion: Our findings provide first evidence for positive 
functional effects of WBV in an animal SCI model and warrant 
further preclinical investigations on WBV as a potential 
rehabilitation therapy for neurological disorders. 
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Introduction: Segmental degeneration and instability could be 
reasons for low back pain. The gold standard for surgical 
treatment, after failed conservative treatment, is the spinal fusion, 
based on rigid pedicle screw constructs. A problem of long rigid 
instrumentation is the possible increasing mechanical load in the 
adjacent segments, the resulting hyper-mobility and the favoring 
of development of adjacent segment diseases. The idea of 
dynamic topping off instrumentation, in the end of a rigid 
instrumentation, is the reduction of the adjacent segment 
degeneration. Clinical and biomechanical data are rare. The aim 
of this study is to compare lumbar spine motion of a hybrid 
construct against a long rigid instrumentation. 
Material/Methods: Eight fresh frozen human spines (Th12-L5, 
4 women/4 men) with a mean age 50.1 years were used. The 
specimens were divided into two groups of four. In the first 
group (Group A) a rigid three-segment instrumentation (L2-L5) 
was performed. The second group (Group B) included a two-
segment rigid instrumentation (L3-L5) with a dynamic topping 
off instrumentation (L2/3). Each specimen underwent 5 
consecutive ROM cycles for extension-flexion in three different 
configurations: native (pedicle screws implanted, no rods, N=8), 
rigid two-segment instrumentation (rigid instrumentation L3-L5, 
N=8), three-segment instrumentation (Group A: rigid L2-L5, 
N=4; Group B: rigid L3-L5 + dynamic L2/3, N=4). The 
specimens were loaded with pure moments of ±10 Nm from the 
top with a frequency of 0.1 Hz. The range of motion (ROM) of 
the whole spine and each level was measured. 
Results: The rigid three-segment fixation reduced significantly 
the ROM in the segments L2-L5 (L4/5: -95,1%; L3/4: -90,1%; 
L2/3: -94,4%), but in comparison to the intact spine, increased 
the movement in L1/2 (+135,4%) and Th12/L1 (+95,8%). The 
hybrid instrumentation also showed a significant reduction of the 
ROM in the rigid instrumented levels, this was however also 
observed in the dynamic level. There was no difference to the 
rigid instrumentation. Also the topping off instrumentation 
showed a significant increase in the ROM in the non-
instrumented segments (L1/2: +127,4%; Th12/L1: +120,1%). 
Conclusion: Both instrumentations showed a reduction of the 
ROM in all instrumented segments without significant difference 
between the rigid and the dynamic instrumentation. In both 
constructs there was a significant increase of the ROM in the 
non-instrumented adjacent segments. Our biomechanical study 
could not show a benefit of a topping off instrumentation to solve 
the problem of adjacent segment diseases. 
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Introduction: The aim of the study was to determine if and to 
what extent changes occurs in the activation pattern of the 
abdominal trunk muscles after dorsoventral spinal fusion. 
Material/Methods: Initialy, for the assessment of muscular 
function (reference group, n = 56) in healthy subjects, a surface 
electromyography polygraphy (EMG polygraphy) under 
standardized static and dynamic loads was applied. We 
investigated the muscular activity of the m. rectus abdominis, m. 
internal oblique, m. external oblique, m. iliocostalis and the 
paravertebral muscles. The paravertebral activity was derived 
continuously over 16 both sides of each monopolar electrodes. 
For the other muscles a bipolar derivation was used. Following 
under the same conditions, polygraphy surface EMG of the trunk 
muscles in 36 patients after surgical treatment of lumbar and 
thoracolumbar spine lesions was performed. 
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Results: There were detected systematic differences between the 
group of healthy subjects and patients in both types of load. 
Under static load, the amplitude values of the patients were 
increased. The characteristics of the EMG amplitude-force-
relation were remarkably changed. Under dynamic loading, a 
disturbance of the spatial sequence of the amplitudes along the 
spine was observed. With increasing load, a reduced phasic 
response of the trunk muscles developed, with early fatigue of the 
trunk muscles. 
Conclusion: Due to spinal lesions and their surgical treatment, 
changes in electrical activation patterns of the trunk musculature 
are subsequent. These changes are not only limited just to the 
surgical area but also affect the craniocaudal and ventrodorsal 
coordination.  
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Introduction: New indications in spine surgery and problems 
with loosening of pedicle screws make the search for an 
alternative to pedicle screws fixation in the thoracic spine 
desireable. To date, published data have shown that intralaminar 
screws could be a possible type of fixation. There are only 
anatomical studies available for the cervical spine and first 
thoracic vertebral body. Aim of this study was a systematic 
evaluation of the feasibility of lamina screws in the whole 
thoracic spine. 
Material/Methods: CT scans of 50 females and 50 males were 
randomly selected from all patients who underwent a polytrauma 
CT from 2010 to 2012 at our institution., The age ranged from 20 
to 60 years. Patients with injury of the thoracic spine, trauma-
independent deformity or dysplasia in this area were excluded. 
From the CT data set (Siemens Sensation 16, Spiral- CT, slice 
2mm), a three-dimensional reconstruction (OsiriX) of the 
thoracic spine was performed. A variety of anatomical distances 
of the lamina were measured which are of importance for 
intralaminar screw placement as well as the caliber of the 
corresponding pedicle. 
Results: The diameter at the narrowest point of the lamina 
showed a decline in craniocaudal direction. At Th1 from 0.69 cm 
(standard deviation; SD= 0.22) to 0.57 cm (SD= 0.19) at Th12 in 
males. In females, the diameter decreased from 0.64 cm (SD= 
0.24) to 0.54 cm (SD= 0.2). The angulation of the lamina related 
to the midsagittal plane of the vertebral body was 53.2° in the 
transversal plane and had no significant change in craniocaudal 
direction. 
In the sagittal plane, the angulation decreased from 56.6° at Th1 
to 45.5° at Th12 in males and from 57.1° at Th1 to 46.4° at Th12 
in females. By defining the smallest diameter which accepts 4 
mm screws to be 5 mm, in 9.17% of males and 19.58% of 
females, an instrumentation of the lamina with screws is not 
possible. By decreasing the limit of the lamina diameter to 0.45 
mm which allows use of 3.5 mm screws, the rate of failure is 
reduced to 2.92% in males and 9.17% in females. 
The diameters of pedicle and lamina revealed no strict correlation 
in the analyst. 14.2% of the pedicles had a hypoplasia with a 
diameter less than 5 mm. But nevertheless, 62.3% of these 
laminae are still instrumentable by intralaminar screws of 4mm. 
Only in 1.5% of the vertebral bodies, there was no possibility for 
intralaminar and pedicle screws with above-named diameter. 
Conclusion: This study shows, that it is possible to use 
intralaminar screws in the thoracic spine in most patients. 
Because of the low experience with this surgical technique and 
missing longterm results, lamina screws should only be used for 
patients with hypoplastic pedicles and in revisions cases. 
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Introduction: Thoraco lumbar fractures are one of the the most 
common fractures of the spine. Today, varying concepts for 
surgical treatment of thoracolumbar A3-fractures exist [1]. 
Commonly, the spine is first instrumented dorsally and 
subsequently supplemented ventrally. Dorsal instrumentation can 
be assembled neutrally or distracted. The correction of the 
sagittal profile is not entirely achieved in many cases. This 
induces a loss of correction over time.  
Hypothesis: The additional dorsal facet joint compression by the 
instrumentation with ventral cage interposition primarily 
increases the lordosis angle. Blocked facet joints increase the 
primary stability of the construct and reduce the secondary loss 
of the correction angle. 
Material/Methods: Six human spine specimens (Th12-L2) were 
used to investigate the biomechanical influence of a facet joint 
compression. Flexibility was measured in all movement 
directions with a pure moment of ± 3.75 Nm. The following 
conditions were investigated: 1. Intact; 2. With fractured 
vertebral body; 3. Dorsal instrumentation; 4. Distraction of the 
dorsal instrumentation; 5. Additional ventral vertebral body 
replacement; 6. Dorsal facet joint compression. The sagittal angle 
was measured bisegmentally from fluoroscope images by means 
of the Cobb-method. 
Results: All techniques induced a significant stabilization of the 
fractured spinal level. Increased surgical efforts led to a higher 
level of stability. Dorsal distraction raised the stability only in 
flexion/extension significantly (- 21.3%). A supplementary 
ventral cage enhanced the construction significantly (f.e. 
flexion/extension - 67.2%). However, the cage did not improve 
stability compared to a stand-alone dorsal instrumentation in 
axial rotation. By comparison of the dorso-ventral treatment an 
additional dorsal compression led to a significantly increased 
stability in axial rotation (- 22.9%). 
Facet joint compression led to more lordosis (7.7°) compared to 
dorsal distraction. The sagittal angle under dorsal compression 
differed significantly from the results of all other conditions. 
Discussion: This study offers an important contribution for 
standardizing fracture treatments of the thoracolumbar spine by 
investigating the biomechanical influence of compressed facet 
joints. We found that the additional facet joint compression in a 
dorso-ventral implant configuration leads to a significantly 
increased stability in axial rotation. Only this treatment reached a 
range of motion comparable to the intact condition for axial 
rotation. Furthermore lordosis was significantly increased, with 
an important influence on the sagittal profile of the spine. Further 
clinical studies are required to investigate if the increased level of 
stability reached by the dorsal compression leads to earlier bony 
fusion and a reduced loss of correction. 
1. Reinhold M, Knop C, Beisse R, et al. (2010) Operative 
treatment of 733 patients with acute thoracolumbar spinal 
injuries: comprehensive results from the second, prospective, 
internet-based multicenter study of the Spine Study Group of the 
German Association of Trauma Surgery. Eur Spine J 19:1657-
1676. 
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Introduction: The treatment of vertebral burst fractures without 
neurologic compromise is still controversial.Using minimally 
invasive surgery combining percutaneous intravertebral 
reposition and percutaneous instrumentation could be a solution 
for an anatomically correct fracture reduction and decrease of 
complications related to an open anterior approach. 
Materials and Methods: All techniques were investigated on the 
same level of the spine using fresh frozen human cadaveric 
spines (T11-L3). All together 28 spine segments were used (male 
donors, mean age 64,9 ± 6.5 years). All donors had no history of 
tumor, osteoporosis, arthritis or medications that could lead to 
secondary osteoporosis. Fractures were generated using a 
standardized protocol with a drop tower allowing to drop a load 
of 7 kg from a height of 1.7 meters on a horizontal aligned 
impactor. After fracture of L1 all spines were allocated to four 
similar groups and randomized to surgical techniques (Posterior 
Instrumentation with a percutaneous system (CD HORIZON® 

Sextant® II, Medtronic, Sofamor Danek; Posterior 
Instrumentation + SpineJack® (Vexim, Balma, France) + Cement 
Augmentation; Posterior Instrumentation + SpineJack® without 
Cement and SpineJack® + Cement Augmentation. After treatment 
100000 cycles (100-600N, 3Hz) were applied using a 
servohydraulic loading frame. All heights were measured using 
computed tomography. 
Results: Overall anatomical restoration was better in all groups 
using the intravertebral reduction device (p0.05). Narrowing of 
the spinal canal was achieved by all techniques. After loading the 
clearance could be maintained in all SpineJack® groups in the 
groups treated with dorsal instrumentation the narrowing 
increased. 
Conclusion: Regarding Height restoration and more important 
regarding anatomical restoration the combination of the 
SpineJack® with dorsal instrumentation showed significantly 
better results than one well accepted standard of sole dorsal 
instrumentation. 
The clinical implications include a better restoration and 
maintenance of the sagittal balance of the spine and a reduction 
of the deformity especially of the endplates and posterior wall 
fragments. 
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Introduction: The preoperative CT scan for CT based navigation 
usually is performed supine. Since the surgeries are performed in 
the prone position, the relative position of the vertebrae differs 
from the preoperative CT. Therefore, a repeated matching is 
necessary, as only the registered vertebra is represented correctly, 
however, not the position of the vertebrae relative to each other. 
Aim of the present study is to examine, whether a prone CT scan 
has a higher correlation as compared to the intraoperative 
situation and thus reduce the superfluous effort of repeated 
matching. 
Material/Methods: The collective consisted of 16 patients who 
were randomized into two groups. Group A (n=11, preoperative 
CT supine, posterior instrumentation at least 2 levels, surgery 
prone on positioning frame [PF]) and group B (n=5, preoperative 
CT prone on PF, posterior instrumentation at least 2 levels, 
surgery prone on PF). Exclusion criteria for both groups were: 
anterior-posterior instrumentation, instrumentation < 2 levels, 
intercorporal bone spurs in several segments, ankylosing 
spondylitis, isthmic spondylolisthesis. Measuring technique: 
intraoperative, upon identification of the first matching vertebra a 
lateral x-ray was performed with a forceps at the registered 
vertebra using an image intensifier. With this image, the sagittal 
angle between the registered vertebra and the vertebrae two 
levels cranial and caudal was determined. These values were 
compared with the angles determined via CT scan of the same 
group and the difference of the angle was calculated. For 
statistical analysis, SPSS for Windows™, Version 15.0 (SPSS 
Inc., USA) was used. Because of the lack of normal distribution 
in group A, the significance was determined with Mann-Whitney 
U test. 
Results: The exact p-value of the Mann-Whitney U Test is 
p<0,001, indicating a significant difference. Group B had smaller 
differences, as shown on the graph (fig. 1).  
In group A the lower quartile is 5.3°, the upper quartile 7.0° and 
the median 6.3°. In group B, the lower quartile is .3°, the upper 
quartile 2.1 and the median .6°.  
Conclusion: A change in the tilt in the sagittal plane of 6.3° 
(median of group A) of the registered vertebra compared to the 
vertebra located two levels above or below will result in a 
calculated shift of the entry point of 6.6 mm (at a 6 cm distance 
between anterior margin of the vertebra and the entry point) 
between virtual navigation and actual position of the pointer, 
while at a change of .6° (median of group B) the shift is only .6 
mm. This indicates that the necessity of repeated matching is 
reduced, resulting in time saving. This will be evaluated in a 
second study. 
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Introduction: Various spinal diseases need to be treated by 
immobilization. The literature shows, that the immobilizing 
effect of orthoses strongly depends on the orthosis design. Also, 
it depends on the loading direction.Only few data are available 
for loading directions other than flexion and extension. The 
objective of the presentetd study was to quantify the stabilizing 
effect of two different semirigid thoracolumbar orthoses under 
various loading conditions during various body movements. 
Methods: Ten young and healthy volunteers (22-44 years, 5 
male, 5 female) performed four different tasks: Full active 
flexion/extension, lateral bending and axial rotation as well as a 
full active everyday movement (flexion plus lateral bending plus 
axial rotation). These tasks were carried out without orthosis, 
with the DorsoFX (BORT GmbH, Germany) and with the SofTec 
Dorso orthosis (Bauerfeind AG, Germany). The flexibility of the 
spine was measured using a three-dimensional motion capturing 
system (Zebris Medical GmbH, Germany). Additionally, the 
pressure exerted by the orthoses on the subject’s body surface 
was measured using a pressure sensor (Tekscan Inc., USA, see 
Fig. 1). 
Results: The range of motion significantly decreased in all 
loading planes by 42 to 69%. The movement with the largest 
decrease was axial rotation, the one with the smallest decreases 
was observed in extension (DorsoFX), and in flexion and 
everyday movement (SofTec Dorso) respectively (see Fig. 2). 
The differences between the two orthoses were small and not 
statistically significant. The pressure between orthosis and the 
body surface was similar for both orthoses but differed between 
the movements. 
Conclusions: Both orthoses had a similar stabilizing effect on the 
thoracolumbar spine. The stabilizing effect differed between the 
four different movements, which indicates that all loading planes 
should be tested to completely understand the effect of an 
orthosis. Complete immobilization of the thoracolumbar spine 
was not possible with either of the two orthoses but the stability 
increase was statistically significant. 
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Introduction: Injuries of the subaxial cervical spine including 
facets and posterior ligaments are common. Described surgical 
possibilities are anterior, posterior and anterior-posterior fixation. 
Each approach has its advantages and pitfalls. In the end the 
advice for any treatment is still controversial. This study 
compares the influence of different bony facet joint injuries on 
the primary stability following anterior plate fixation on 
biomechanical values. 
Material/Methods: Fractures and plate fixation were performed 
on 15 fresh frozen intact cervical spines (C3-T1). To simulate a 
translation rotation injury in all groups a complete ligamenteous 
rupture and facet dislocation was simulated by dissecting the 
complete posterior and anterior ligament complex between C4 
and C5. In the first group the bony parts of the facet joints were 
left intact. In the second group one facet joint between C4 and C5 
was removed, the other side was left intact. In the third group 
both facet joints between C4 and C5 were removed. Afterwards a 
one-level anterior discectomy and interbody grafting using bone 
material of the respective thoracic vertebral bodies was 
performed. An anterior cervical locking plate fixation was used 
(Vectra, Synthes®, Switzerland). Continuous loading was 
performed using a servo hydraulic Test Bench (Bose Electroforce 
LM2 TestBench) with 2N per second. Mean load failure was 
measured, when implant failure occurred. 
Results: In the group where both facet joints were intact, the 
mean load failure was 174.6 (±46.93) Newton. The mean load 
failure in the second group, where only one facet joint was 
removed was 127.8 (±22.83) Newton. In the third group, where 
both facet joints were destroyed the mean load failure was 73.42 
(±32.51) Newton. There was a significant difference between the 
first group (both facet joints intact) and the third group (both 
facet joints removed) (p < 0.05, Kruskal-Wallis Test). 
Conclusion: In this cadaver study, primary stability of anterior 
plate fixation in luxation injuries of the subaxial cervical spine 
was dependent of the involvement of the facet joints. If one or 
both facet joints are osseous destroyed in the clinical setting, 
anterior plate fixation in combination with bone graft might not 
be sufficient and additional posterior stabilization might be 
recommended. Further biomechanical as well as clinical studies 
are necessary to verify these findings. 
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Introduction: Standard balloon kyphoplasty represents a well-
established treatment opportunity for osteoporotic vertebral 
compression fractures. Balloon kyphoplasty was developed to 
restore vertebral height and improve sagittal alignment. Its use 
has grown significantly over the last two decades. On the other 
hand distinct biomechanical data are missing. Within the last 
years several alternative techniques with regard to height 
restoration have been emerged. Aim of the present study was to 
evaluate two different methods of percutaneous augmentation of 
vertebral compression fractures with respect to height restoration 
and preservation (standard bipedicular Balloon kyphoplasty 
versus unipedicular radiofrequency kyphoplasty) in a cadaver 
model under cyclic loading.  
Material/Methods: 25 vertebral bodies of 2 female cadavers 
with secured osteoporosis were examined. Standardized vertebral 
wedge compression fractures were created by a material testing 
machine (Instron® 5566). Axial load was continuously increased 
until the height of the anterior edge of the vertebral body was 
reduced by 30% of the initial measured values. Compression 
force was maintained for 10 minutes and subsequently reduced to 
100N. Afterwards two groups were randomly assigned in a 
matched pair design: 12 vertebral bodies (VB) were treated with 
Balloon Kyphoplasty (BKP, Kyphon, Medtronic) and 13 
vertebral bodies by Radiofrequency Kyphoplasty (RKP, Dfine, 
Germany) under a preload of 100N. Then the vertebral bodies 
underwent cyclic loading (100000 cycles, 100-600N, 5 Hz). 
Anterior, central and posterior vertebral body heights were 
evaluated by CT-scans. CT- Analysis was timed pre- and post-
fracture as well as after treatment and cyclic loading. 
Results: The anterior endplate height was reduced after fracture 
7.0 (± 3) mm for the BCP group and 5.8 (± 4) mm in the RFK 
Group. Statistically there was no difference for the groups 
(p>0.1). After treatment the difference to the initially vertebral 
body height of the anterior endplate was 4.5 (±2) mm for the 
BKP Group and 4.7 (±3) mm for the RFK Group. Within the 
groups, there was no significant difference. After cyclic loading, 
the difference to the initially vertebral body height of the anterior 
endplate was 5.3 (±3) mm for the BKP Group and 5.2 (±3) mm 
for the RFK Group. The average cement volume used was 8.7ml 
(± 1) for BKP group and 4.8ml (± 2) for the RFK group 
respectively. The difference was significant (p<0.0001). 
Conclusion: Standard bipedicular Balloon kyphoplasty as well as 
unipedicular radiofrequency kyphoplasty) in a cadaver model 
under cyclic loading resulted in satisfactory and comparable 
vertebral height restoration and post-procedural height 
conservation without any significant statistical difference. 
Adequate vertebral height restoration via percutaneous 
augmentation with unipedicular radiofrequency kyphoplasty 
required significant lower amounts of cement. Based on our 
results the unipedicular radiofrequency kyphoplasty in 
osteoporotic compression fractures might represent a promising 
alternative for the clinical setting, but further clinical evaluation 
is necessary. 
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Introduction: Spinal rods are used in the treatment of various 
pathologies. As diverse as these pathologies are the requirements 
addressed to the rods (and screws). Spine surgeons all over the 
world estimate stiffness and bending forces of instrumentations 
while choosing the implants needed in their patients as little is 
known about the relative biomechanical properties of SS to Ti to 
Co-Cr-Mo or the differences in between rods of different 
manufacturers. Until now surgeons had to rely on experience, 
individual evaluation andformal in-house publications. 

Materia/Methods: Overall 52 rods of 12 companys were 
measured in an 4-point bending test analogical to the ASTM 
norm F2193. As values bending stiffness, S (N/mm)—the slope 
of the initial linear elastic portion of the load versus total 
displacement curve, the bending ultimate moment (N·m)—the 
maximum bending moment that can be applied to a test sample 
and thebending yield moment (N·m)—the bending moment 
necessary to produce a 0.2 % offset displacement in the spinal 
component were named. Rods were shortenend to 8 cm length to 
guarantee identical conditions. 
Results: A total of 152 measurements were performed with 52 
rods. Significant differences were observed between titanium 
rods of the same diameter but different manufacturers. While the 
coefficient of variation in repetitive measurements of identical 
5.5 mm titanium rods was 2% at most in one manufacturer, 
bending rigidity range of 3 standard deviations or 10% was seen 
in comparison of different rods of different manufacturers. This 
phenomenon is more pronounced for bars with small diameters 
and decreases with increasing rod diameter. While a CoCr-rod 
4.5 mm in diameter has about twice the stiffness of a titanium rod 
of the same diameter, the difference is only at about 40% in 5,5 
mm diameter rods and even less (15%) within 6,0 mm rods. 
Moreover, the bending stiffness of cobalt-chromium alloy rods 
approximates the stiffness of the next larger diameter titanium 
rods. As expected, the flexural strength of the measured PEEK 
rods was significantly lower than that of the other rods, as the e-
modulus differs already significantly from metallic rods, even 
though the extent was surprising. All tested 5.5 mm PEEK rods 
showed a stiffness corresponding to a maximum of 4% of the 
average titanium rods of the same diameter. 
Discussion: The investigation presented is no rating of the tested 
implants, but solely serve as a reference for spine surgeons. Main 
results are certainly clear differences in stiffness of 5.5 mm 
titanium rods from different manufacturers. In addition, our 
studies have shown that the use of smaller diameter rods (and 
screws) does not have to be accompanied by a loss in stiffness as 
CoCr rods offer a adequate alternative in smaller diameters. This 
is a great advantage especially within corrective surgery in 
childhood and adolescence as well as in cachectic patients. 
Colleagues who continue to rely on larger diameter implantsdo 
not have to face significant differences in rod-stiffness in 
between different manufacturers. Dynamic stabilization with 
peek-rods is, by definition, subject only to a limited range of 
indications, as Peek offers very low stiffness and the rods do not 
model well. An interesting alternative could the development 
carbonized PEEK rods, whose stiffness correspond 
approximately to titanium rods of smaller diameter. 
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Introduction: The different parts of the human spine have 
different purposes to fullfill. The kinematics, means position and 
direction of the instantaneous axis of rotation or instantaneous 
helical axis (IHA), of the particular segments is not properly 
known. This issue is a crucial point in biomechanical 
understanding especially of motion retaining implants of the 
spine. We present own results of biomechanical cadaver studies 
of axial rotation of representative segments of all parts of the 
human spine. 
Material/Methods: 52 human segments were analysed (14 
C3/C4, 12 C5/C6, 2 Th2/Th3, 4 Th4/Th5, 3 L1/L2, 7 L3/L4, 3 
L4/L5 and 7 L5/S1). A well-established custom-made 6D 
measuring apparatus was used (resolution: After successive 
resection of the facet joints (FJ) and also uncovertebral joints 
(UJ) in the cervical spine the same experimental programme was 
absolved. 
Results: The instantaneous helical axis (IHA) showed different 
grade of migration depending on the segment. In lumbar 
segments it migrated in the opposite direction of the rotation up 
to 60mm from one FJ to the other (Fig. 1). IHA was almost 
parallel to the direction of the axial torque. In contrast to that, 
cervical segments showed a migration in the same direction as 
the rotation of up to 40mm. Furthermore the IHA had a constant 
dorsal rotation of 20-30° with regard to the axial directed torque 
in cervical segments (Fig. 2). The migration of the IHA clearly 
depended on the amount and position of the preload especially in 
cervical and lumbar segments. Thoracic segments showed only 
minor migration of the IHA with almost parallel direction to the 
axial torque. The kinematics was hardly variable. 
Resection of UJs in cervical segments did not change the 
direction of IHA. Removing one FJ changed the direction clearly 
in cervical segments. Migration of the IHA was significantly 
changed after resection of one FJ in all segments. After removing 
of both FJs the IHA migrated within a small area and the 
variability was nullified (Fig. 2). IHA direction was almost equal 
to the torque. 
Conclusion: It could clearly be shown that the IHA migrates 
during axial rotation in all segments. The migration was much 
wider in cervical and lumbar segments than in thoracic. Moving 
of the position of the resulting line of force (according to the 
different constellations of the preload) the kinematics of cervical 
and lumbar segments can be modified decisively. Kinematic 
properties of the same segmental level of different specimens are 
comparable, those of different levels of the same part of the spine 
are similar. Cervical, thoracic and lumbar segments show 
fundamentally different kinematical characteristics. Resection 
experiments definitely could prove that the kinematics is 
decisively dictated by the joints. Ligaments and intervertebral 
disc kinematically have a minor role. 
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Introduction: Implants used forPLIFoperations are at risk to 
subside into the spongious part of the vertebral body, changing 
the intended lordotic angle in an uncontrolled way. A novel 
approach tries to reduce this risk by using special implants, 
designed to restore the individual geometry of the disc space. 
This approach maintains the desired correction by resting on the 
anterior and posterior part of the cortical ring. Implant length, 
angle and height have a direct affect on adjacent segment 
instability. The PLIF cage is characterized by a screw design with 
a rectangular geometry in the posterior part and is available in 43 
different sizes. 
Material/Methods: In a clinical observation study involving 30 
patients, preoperative planning software had been used to 
determine the individual geometry of the segment to be operated 
on. Based on x-rays (inclusive lumbar spine functional image) 
the software calculates the sagittal length as well as the required 
height and angle to reconstruct the degenerated disk space. The 
software then suggests the best available PLIF cages to 
implement in overall surgical planning. A postoperative x-ray as 
well as a ct-scan, 3 months after the surgery, was used to assess 
the outcome and to measure fusion for conclusive results.  
Results: Currently we have examined 16 patients during follow-
up consultations. 2 of the 16 cases showed the software was 
successful in selecting the appropriate implant as compared to a 
“best practice” choice, which was used in the remaining cases 
where the surgeon had the opportunity to select the best fitting 
implant out of a list of software generated suggestions. With the 
support of the software, we were able to implant the preoperative 
cage choice in 10 cases. In 6 cases, a different size was used 
during operation. When measured preoperatively, we found 
successful fusion results in the first follow up visits with a stable 
implant position at the cortical ring of the vertebra. This 
information will be included in the presentation regarding the 
results of the completed study. 
Conclusion: Preoperative planning with access to a portfolio of 
43 different cages, leads to a very precise implantation with 
reconstruction of height and angle in the intervertebral space. 
Currently, at this stage of the study, sintering has not been 
observed in the cages. This observation is essential for the 
application in patients with poor bone quality and ensures the 
integrity of the corrective measures achieved in an intraoperative 
context. Long-term studies have yet to prove that a correct 
preoperative planning will be able to significantly reduce the 
adjacent segment degeneration and helps to improve the clinical 
outcome. For this reason, the presented study population will be 
prospectively monitored. 
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Introduction: Is percutanous stabilisation in the upper and mid 
thoracic spine sufficient? Do we need reconstruction of the 
anterior column in the middle thoracic spine? How many 
segments are necessary for stabilisation? 
Material/Methods: Data of percutanous stabilisation of thoracic 
spine fractures (T1-T9) were prospectivly recorded. (2009-2012). 
Included were instable burst fractures (after Magerl classification 
A3.1-A3.3 , B+C injuries icluded). All of these were stabilised 2 
segments above and below the injured vertebral body. In some 
cases the injured vertebral body was instrumented with shorter 
fracture screws. Reposition was achieved in prone position and 
indirect reduction to straight titanium 5.5mm rods. Study 
protocol consisted of CT scans (pre, intra or postoperative), 
measurements of the bisegmental kyphosis angle (pre and 
postoperatively), clinical and radiological examination after 3,6 
and 12 months (Odomscore). Fracture healing was observed with 
CT scan. We recorded complication rate (i.e. screw loosening, 
misplacement and hardware failure). Statistical analysis was used 
for significance (student t-test) 
Results: 70 patients were included. In 32 patients we found B or 
C injuries. The mean kyphosis angle after injury was 21°. After 
fracture reduction we found 15°, after 3,6 and 12 months 18°. 
The fracture healing was achieved in all cases. We removed the 
implants in 29 cases. The clinical outcome after 12 months was 
good (Odom 2). Additional cement augmentation was necessary 
in 5 patients. Additional ventral reconstruction was performed in 
6 patients (2 cases with Bechterew disease). We recorded one 
screw loosening in osteoporotic patient and one hardware related 
infection that required removal of implants. Intraoperative CT 
scans showed no screw misplacement. In comparison with the 
German multicenter study of spine injuries (MCSII) we found 
similar results in postoperative kyhosis angle and over all clinical 
results. 
Conclusion: The percutanous fracture reduction and stabilsation 
showed good clinical and radiological results in burst fractures of 
the thoracic spine. In contrast to the thoracolumbar junction 
additional ventral reconstruction appears to be mostly not 
necessary.  
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Introduction: The problem of adjacent degeneration after 
lumbar spine fusion is still not solved. Motion preserving 
stabilization methods have been developed with the idea of 
reducing the load transfer to the adjacent segment. 
Biomechanical studies with hybrid instrumentations in the sense 

of rigid screw rod systems with dynamic connection showed a 
protective effect. 
There are no long-term clinical studies for the protective effect on 
the adjacent segments. Furthermore, there is no information 
about the rate of screw loosening in hybrid instrumentation. 
Material & Methods: 84 patients were treated in our center 
from 2008 to 2012 with a hybrid instrumentation in the lumbar 
spine, these were reviewed retrospectively. Peri- and 
postoperative surgical complications were recorded. The follow-
up was at 6, 12, 24 months by clinical examination and X-ray of 
the lumbar spine in 2 planes. Statistical analysis was performed 
using SPSS 15.0. 
Results: 53 women and 31 men were operated, their mean age 
was 64 years (34 - 89). 17 patients had undergone previous 
surgery like decompression of herniated disc or spinal stenosis. 
2.6 segments were instrumented on average, 13 patients get a 
dynamic instrumentation in two segments. There were set 614 
screws (420 rigid and 194 dynamic). The interbody fusion were 
performed in 65% ALIF, 26% TLIF and 9% PLIF technique. The 
mean Follow up time was 19 months (min. 3 and max. 46 
months). 
We find in 20 cases (24%) screw loosening, more precisely 
loosening of 24 (12.4%) dynamic screws and loosening of 9 rigid 
screws (2.1%). Because of symptomatical clinic we had to do 
revision surgery in 9 patients (10.7%) and remove 17 (8.8%) 
dynamic screws (statistically significant). These Screws were 
either completely removed or the corresponding segment was 
fusioned. In 3 patients 5 rigid screws (1,2%) have been changed. 
In 3 cases there was revision required because of late infetion, 
here 5 screws were changed (3 dynamic and 2 rigid). Other 
reoperations were performed because of one nonunion, a 
postoperative seroma and one early infection. In 3 patients 
(3.6%) symptomatic adjacent degeneration occurred that made a 
fusion necessary. We found no statistical significant result 
between the length of the instrumentation and the loosening rate. 
Conclusion: The hybrid instrumentation with dynamic-rigid 
pedicle screw-rod systems are a potential therapeutic option for 
the prevention of adjacent degeneration. We find in our patient 
group a statistically significant increase of loosening in the 
dynamic screws. In view of a revision rate of almost 11% and 
adjacent degeneration of 3% after a mean follow-up of 19 months 
further long-term studies and randomized comparative trials are 
necessary to evaluate the possible protective effects of these 
technique. 
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Introduction: Aneurysmal bone cysts (ABC) are destructive 
tumorous lesions which often affect paediatric patients. They are 
characterized by the presence of giant cells which are positive for 
markers of osteoclasts like theReceptorActivator ofNuclear 
factorKappa B (RANK). The compatible RANK ligand 
(RANKL) activates the osteolytic effect of giant cells. This 
activation pathway immunohistochemically resembles the 
pathway in Giant Cell Tumors (GCT). The known treatment 
options for ABC are surgical resection, curettage and cavity 
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filling, injection of fibrosing agents, embolization or 
radiotherapy. 
In some cases, especially in spinal lesions, in young patients or in 
case of recurrence a wide resection cannot be achieved, the close 
proximity to the spinal cord prevent curettage, embolization fails 
due to the absence of clearly identifiable feeding vessels or 
young patients are at risk of radiation injury. Therefore in these 
cases new strategies are needed. Denosumab has already been 
successfully used in GCT therapy, osteoporosis and bone 
metastases. Due to the immunohistochemical similarity of GCT 
and ABC the assumption of a therapeutic effect also on ABC is 
justified. It is a monoclonal human antibody which inhibits giant 
cells by preventing the binding of RANK ligand to its RANK 
receptor and therefore the osteolytic effect is reduced. 
Materials/Methods: Two young boys aged 8 (pat. 1) and 11 
years (pat. 2) are presented. Pat. 1 presented with 
cervicobrachialgic pain. The initial imaging showed a tumour at 
C5 compressing the spinal cord and nerve roots and a walled 
vertebral artery. Before a biopsy could be performed the patient 
developed neurological deficits and therefore an emergency 
hemilaminectomy with intralesional tumour resection was 
performed. Already the first MRI check-up 1 month later again 
showed an ABC. 
Pat. 2 presented with neck pain and an incomplete paresis of the 
deltoid and biceps muscles since 6 months. Imaging revealed a 
cystic tumour at C5 and a biopsy confirmed it to be an ABC. An 
intralesional resection from anterior, with titanium cage 
reconstruction and plate fixation followed by a posterior 
approach with instrumentation at C4-C6 was carried out. MRI 8 
months later again showed a progressive ABC. In this situation 
the remaining treatment options were discussed in our tumour 
board for both patients. Due to the close proximity to the spinal 
cord a wide resection or curettage were discarded. An 
embolization was tried but failed in both cases and therefore an 
individualized treatment using Denosumab without yet 
scientifically proven benefit was decided. Since July 2012 
Denosumab was used at a dose of 70 mg / m2 body surface area 
every 4 weeks subcutaneously and additionally Calcium and 
Vitamin D was administered. In pat. 1 the treatment was stopped 
after 6 months while pat. 2 continued being treated. 
Results/Discussion: Since Denosumab therapy started, both 
patients recovered significantly from pain and neurologic 
symptoms and are in healthy conditions. Denosumab has 
therefore shown a promising therapeutic effect in case of 
recurrence of spinal ABC. MRI scans after 2, 4, 8 and 12 months 
and CT scans after 6 and 12 months showed a regression of the 
cystic formations and a replacement by solid bone marrow-like 
tissue.Longer follow-up and clinical studies will be needed to 
evaluate Denosumab for patients with ABC in critical locations, 
to evaluate side effects, especially in paediatric patients, and to 
investigate the appropriate duration of therapy. 
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Report about two cases with rotational vertebral artery 
syndrome and surgical treatment with microsurgical 
decompression of the vertebral artery without additional 
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*P. Gass1, S. Schreiber2, W. Jakob1, P. Vajkoczy1 
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Introduction: The Rotational Vertebral Artery Syndrome 
(RVAS, Bowhunter’s Syndrome) is a rare cause of 
vertebrobasilar Insufficiency. Different structural lesions 
(osteophytes, hypertrophic fibre structures, etc.) can lead to a 
functional stenosis of the V2-segment of the vertebral artery 
between C7 and C2, depending on head positioning and thereby 
to a compromise of the posterior perfusion. Still, there is 
controversy regarding the proper surgical treatment. Few authors 
recommend a microsurgical decompression of the vertebral artery 

in combination with fusion. We report about two patients, treated 
with microsurgical decompression of the vertebral artery without 
additional fusion and present a short review of the literature on 
this condition. 
Material/Methods: A 16 year old girl presented with transitory 
ischemic attacks in the brain stem and cerebellum when rotating 
the head. She suffered from compression of the vertebral artery 
on the C3 level on the left side when rotating the head. We 
surgically expanded the narrowed transversal foramen through a 
ventral approach and conducted a medial transposition of the 
vessel. A 57 year old patient presented with multiple ischemic 
infarctions in the occipital and cerebellar region and multiple 
transitory ischemic attacks in the vertebrobasilar flow path. He 
suffered from a high grade stenosis of the vertebral artery on the 
level of the fifth vertebral body on the left side due to 
hypertrophic spondylarthropathy. We conducted a microsurgical 
decompression of the vessel by partly resecting the constricting 
bony structures through an anterolateral approach. 
Results: In both cases we did not conduct a fusion, which did not 
lead to postoperative instability. Outcome in both patients was 
excellent (GOS Score 5). The vertebral artery of the 16 year old 
girl was open after surgery and she did not suffer from any 
further complications. In the second case, intraoperative ICG-
videoangiography confirmed the vertebral artery of the 57 year 
old man as open, but an angiography after surgery showed a 
stenosis of the left sided vertebral artery (V1, V2). Nonetheless 
there was a retrograde opacification of the intracranial segments 
(V3, V4) via the right vertebral artery. A six months follow up ist 
still pending. 
Conclusion: So far, there are predominantly case reports and 
smaller case series of this rare condition. Nevertheless, ischemic 
episodes in the posterior circulation should let one think of this 
rare condition and anatomical varieties or degeneration of the 
cervical spine should be considered as possible cause of a 
compression of the vertebral artery. Many case reports prefer a 
microsurgical decompression of the vertebral artery with fusion. 
We believe, that with the use of appropriate surgical technique, 
microsurgical decompression of the vertebral artery without 
additional fusion is sufficient. 
Literature: Lu DC et al (2010). Rotational vertebral artery 
occlusion - series of 9 cases. Neurosurgery 67: 1066-1072 
Schelfaut S et al (2013). Subaxial Rotational Vertebral Artery 
Syndrome: Resection of the Uncinate Process and Anterior 
Fusion can be Sufficient!J Spinal Disord Tech.2013 Feb 19. 
[Epub ahead of print]. Schuette AJ et al (2013). Rotational 
vertebral artery syndrome. World Neurosurgery 79(5-6):680-1 
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Introduction: To evaluate the accuracy, safety and efficacy of 
MR-guided peri-radicular nerve root injection therapy using an 
open 1.0 Tesla MRI system with fast dynamic imaging. 
Methods/Materials: Between April 2008 and November 2011a 
total of 249 MR-guided periradicular nerve root injections were 
performed in 141 patients suffering from lumbosacral radicular 
pain. All interventions were performed in an open 1.0 Tesla MRI. 
An interactive PDw TSE sequence was used for real-time 
guidance. An in-room monitor, wireless MR-mouse for operator-
controlled multiplanar navigation, a flexible surface coil and MR-
compatible 20-G needle were used. Informed consent was 
obtained from all patients. Clinical outcome was evaluated by 
clinical follow-up and questionnaire prior to injection therapy 
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(baseline) and to 6 months after using a numeric visual analogue 
scale (VAS). 
Results: All procedures were technically successful. No major 
complications occurred. At 6 months, of 103 patients (57 male, 
46 female; mean age, 49.5; range, 20-80) enrolled in the outcome 
analysis, 14.6% reported complete remission of radicular pain, 
53.4% significant relief of pain, 22.3% mild relief and 9.7% no 
relief of pain. We found a significant decrease of the VAS-score 
from pre-intervention to 6 months follow-up (p<.0001). No 
significant difference in outcome was seen between patients with 
degenerative foraminal stenosis and patients with herniated discs. 
Conclusion: MR fluoroscopy-guided periradicular injection 
therapy of the lumbosacral spine under open 1.0 Tesla MRI-
guidance is accurate, safe and efficient in the symptomatic 
treatment of radicular pain. 
Clinical Relevance/Application: This technique may be a 
promising alternative to fluoroscopy- or CT-guided spinal 
infiltrations in the lumbosacral region, especially for young 
patients and for patients undergoing serial therapeutic regimens. 
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Background: Facet pain has been attributed to 15-40% of axial 
back pain and can be caused by osteoarthritis, synovial cysts, 
capsule damage and can originate in subchondral bone. 
Treatment is commonly by steroid injections or by neurotomy, 
but these solutions are usually temporary. To date,surgeons have 
not had a viable solution for facetogenic pain.  
Purpose: A facet restoration device is designed to reduce pain 
while preserving native anatomy, with polymer wafers that 
conform to the concavity and convexity of the facet joint and 
restore a smooth gliding surface. The purpose of this study is to 
analyze the efficacy and safety of this bilateral facet restoration 
implant. 
Methods: 40 patients with a documented history of chronic facet 
pain at one to two levels wereenrolled in the study. Patients were 
assigned to either Group I: no previous surgery at the affected or 
adjacent level(s) or Group II: Previous surgery not affecting the 
treated facet joints. A pre-op positive diagnostic facet injection 
within 3 months, as well as osteoarthritis < Grade III, (Weishaupt 
et al) wererequired. VAS (back and leg), Oswestry (ODI), X-rays 
(including F/E) and pain medication use were collected at pre-op, 
6 weeks, 3, 6, 12 and 24 months post-op. Radiographs and 
CT/MRI were collected pre-op. 
Results: Of 40 patients enrolled, 38 were implanted, including 4 
patients having a 2-level surgery. To date, 20 and 6 patients have 
completed 12- and 24-month follow up respectively, and early 
results appear indicative of 24-month clinical outcomes. At 12 
months, groups I and II showed combined improvement from a 
mean pre-op VAS of 77.2mm (±13.6) to a mean of 46.2mm 
(±33.5) (p=0.003), and mean pre-op ODI of 58.2% (±12.7%) to a 
mean of 39.9% (±22.7%) (p=0.004). VAS reduction appears 
greater for Group I than for Group II (previous surgeries), likely 
as a result of comorbidities from their previous LBP. Overall 
complication rates were low. 
Conclusion: Significant improvements in function and pain 
outcomes were seen at all follow-up time periods for both 
groups; initial data suggest those outcomes are indicative of 24-
month results. Continued follow-up will determine long term 
safety and efficacy. This prospective study suggests that a facet 
restoration implant is a viable surgical treatment for chronic facet 
pain. 
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Introduction: Radiofrequency ablation (RFA) of tumorous 
masses is an established procedure and is increasingly used as 
pain therapy of unresectable spine tumors. RFA is mainly 
performed in the monopolar technique. Indication of monopolar 
RFA is often limited by anatomical vincinity of the tumorous 
masses to vulnerable structures like the spinal cord since imaging 
of the emerging ablation zone is restricted periinterventionally. 
Bipolar RFA offers highly precise predictability of the ventral 
and especially dorsal border of the ablation zone 
periinterventionally and thus ablation of neuronal structures can 
be avoided. 
Material and methods: 36 patients in advanced tumorstage and 
spinal involvement that showed massive local medication-
resistant pain where treated on 38 lesions with palliative 
intention. Inclusion criteria: Tumor progression despite (non 
spinal) operation, maximum chemotherapy, maximum 
radiotherapy and/or hormone therapy. Contraindication for 
surgical treatment. Locomotory restriction due to local process. 
Exclusion criteria: Intradural and intramedullar tumorspread, 
increased risk of bleeding, acute infection, allergies against 
periinterventional prescribed medication.  
Procedural-depended complications where not observed. 
Pre- and postinterventional imaging and calculation of volume of 
necrosis: Volume of necrosis was calculated using the formula 
for the volume of an elliptoid (4/3 p abc) on postinterventionally 
obtained MRI-slices. RFA: Intervention was performed under 
general anesthesia while the patient was in prone position by 
using up to two RFA-probes. Prophylactic antibiosis was 
prescribed periinterventionally. Periprocedural data about 
average power (AP) in Watt, energy (E) in kJ, time of energy-
application (t) and resistance in ohms where documented. 
Intensity of pain was documented clinically and classified as 
postinterventional reduction (-), no change (0) and worsening (+). 
Results: Volume of necrosis (VN) was 0.5-50.9 cm³ (mean 19.7 
cm³). AP was 6.8-36.6 W (mean 21.6 W). E was 1.5-85 kJ (Mean 
31.2 kJ). Duration (t) was 3.7-43 min (mean 19.7 min). Taking 
these parameters into account an equation could be calculated: 
NV= -22.474-0.553*E+1.565*AP+1.051*t (residual error: 11,2 
cm³). Greatest influence on the emerging volume of necrosis was 
induced by AP so that the following equation could be calculated 
after eliminating the other parameters: VN=-3.579+0.998*AP 
(residual error: 11,6 cm³). Clinical Outcome: - (52.8 %); 0 (36.1 
%); + (11.1). 
Conclusion: Aim of a successful RFA of tumorous structures is 
the complete ablation of the tumour taking into account an 
adequate safety margin and the safety of vulnerable structures. In 
comparison to the monopolar approach the bipolar procedure 
offers apart from a potentially larger volume of ablation a higher 
precision that also allows ablation of tumorous masses that are 
adjacent to neuronal tissue. The extent of this ablation-zone 
correlates primarily with the AP. 
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Introduction: Osteoblastoma can be considered to account for 
10% of all spinal tumors. The predominantly affected spinal area 
is the cervical spine (40%). Wide resection, if possible, is the best 
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treatment to avoid recurrence.(1) In a growing child even 
oligosegmental fixation of the cervical spine can be associated 
with substantial complications.(2) This is a case of osteoblastoma 
originating in the posterior elements of the second cervical 
vertebra and extending to the vertebral arteries of both sides in a 
7-year-old child. We introduce a novel combined technique of 
transoral osteotomy, vertebral artery release and fusion C1-C3 
with posterior en bloc removal and C1-C3 fixation. 
Material and Methods: The patient presented with a 14-month 
history of neck pain. Imaging studies demonstrated a lesion in the 
posterior elements of C2 which extended [MSOffice1] to both 
pedicles and approached the vertebral arteries.Preoperative 
angiography showed a dysplastic right vertebral artery. 
The surgical strategy was, in a first transoral step, to dissect the 
vertebral arteries and to remove the joint masses and pedicle 
bases from the body of C2. This was followed by fusion and 
screw fixation of the atlanto-dental joint as well as cage assisted 
fusion of the C2-C3 disc. Non tumorous bone chips from the 
joint masses were used to fill the disc space. The second step -
after repositioning the patient -was performed from a cranio-
cervical posterior approach and consisted of the removal of the 
arc of C2 in one piece followed by a C1- C3 lateral mass fixation 
by a rod-screw construct. The head was immobilized for 3 
months in a cervical collar. After uneventful 4 months iliac crest 
bone graft was added posteriorly. Removal of the posterior 
hardware was done 9 months later after successful 
circumferential fusion C1-C3.  
Results: The immediate postoperative imaging demonstrated 
complete tumor resection. At 4 years follow up the patient has 
maintained resolution of all preoperative symptoms and shows a 
solid bisegmentalfusion without growth anomalies in adjacent 
regions of his cervical spine on the CT scan. The range of motion 
of cervical spine in the last visit was extension 35°, flexion 45° 
(almost normal), rotation to left 30°, and rotation to right 60°. 
Conclusion: The goals of radical tumor resection, short fusion 
and avoidance of growth disturbances could be reached. 
Particularly in an affected 2nd cervical vertebra and also in a 
pediatric patient this means avoidance of fusion to the occiput 
and to the lower half of the cervical spine, thus lowering the risk 
of long term sequelae fusion. 
References: 1. Canale ST, Beaty JH :Tumours of the spine. 
Campbell's operative orthopaedics, Volume 12, Mosby: 2107, 
2003. 2. McGrory BJ, Klassen RA: Arthrodesis of the cervical 
spine for fractures and dislocations in children and adolescents. A 
long term follow up study. J Bone Joint Surg Am. 
Nov;76(11):1606-16, 1994. 
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Minimum-invasive treatment of the tumours and metastases 
in the spineby plasma field-high-frequency therapy (Cavity 
Coblation method) with and without additional dorsal 
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Introduction: Realisation of a big operation with tumours / 
metastases in the backbone is in many cases not possibly above 
all with older multimorbid patients with higher OP risks. So it is 
important to go forward here so minimally invasive as possible, 
but at most actually to reduce the patient above all pains and 
other fracture and deformation danger and to improve thereby 
quality of life clearly. The modern method of the percutaneous 
Coblation-Cavity by plasma field is known since shorter time and 
is used by us for 5 years successfully. The aim of this work is to 
present the specific features of the methodology, problems, OP 
technology, results of the treatment of more than 200 patients 
with spine tumours/metastases. 
Material/methods: The Cavity SpineWand (Fa. ArthroCare) 
provides a place in the tumour by patented plasma field-high-
frequency technology (Coblation-controlled Ablation, based on 
plasma-provided high-frequency energy) and can be used with 
additional procedures as for example cement injection for whirl 
stabilisation - Vertebroplastie. Access to the backbone occurs 
perkutan and transpedikulär, in some cases extrapedikulär. By the 
removal of tumour fabric one reaches not only place for the 
cement replenishment, but also complete destruction / 
vaporisation of the tumour cells. Recurrencerisk, fracture danger 
and compression of the neural structures is thereby clearly 
reduced. 
Results: Within 61 Mon. (03/2008-05/2013) became 200 patients 
(133-w., 67-m., age 31-92 y.) with spinal tumours and backbone 
metastases with this method treats. In 49 cases it was carried out, 
in addition, dorsal percutan Instrumentation and erection with 
(Fixateur interne Longitude / Fa. Medtronic). Results became 
clinical and radiological in 2.14 days, 3,6,12,24,36 and 48 
months (yet does not control with all patients on account of the 
shorter method application time) postal-surgically. It showed to 
itself clear pain reduction and with it satisfaction and quality of 
life improvement with all patients. In several cases treatment was 
combined with chemotherapy or radiatio by which also tumour 
cell growth orrecurrencecould be clearly diminished. Patients 
could be mobilisedquickly after surgery, blood loss was 
minimum, Nextoncologytreatmentcould be initiated immediately. 
Especially by Hemangioma in one or several floors with massive 
bleeding inclination and cement embolism danger these both risk 
factors were clearly minimised by Ablation and coagulating the 
tumour vessels. Complications: in 19 cases with especially big 
osteolythischen defects to occurred cement escapes paravertebral 
(forwards, lateral and in the intervertebral disc field), without 
clinical relevance, check was not necessary. 53 patients are dead 
by the tumor intoxication. 
Conclusion: The perkutane Cavity Coblation method of the 
treatment of the tumours metastases in the spineshows a sure 
minimum-invasive procedure for patients what was booked by 
short-term and long-term results. By perkutanen minimally 
invasive access are the OP risks, v. a. blood loss and OP times 
clearly low and shorter. This new method becomes still only in 
few medical centres and centres in Germany as well as in other 
countries at the moment successfully is used and from our point 
of view for the future is promising. 
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Introduction: In patients with radiological signs for 
spondylodiscitis treatment consists of conservative or surgical 
immobilization. Immobilization can be achieved by bed rest or 
surgical stabilization. Benefits of surgical therapy are shortened 
time to mobilization, acquisition of specimen for microbacterial 
analysis and reduction of complication associated to bed rest (i.e. 
thromboembolic events, reduction of bone mass). Nevertheless, 
postoperative pain may postpone mobilization. Next to systemic 
analgesia, peridural catheters (PDC) allow local therapy. This 
benefits are opposed by possibly higher rates of postoperative 
wound infections or hemorrhage. 
Material/Methods: All patients treated surgically for 
spondylodiscitis of the thoracic and lumbar spine in the authors’ 
institution between January 2010 and July 2013 were included in 
this study. If a PDC was applied, insertion was performed under 
sight at the end of surgery. Computed tomography was 
performed postoperatively to display correct placement of screws 
and PDC. Postoperative antibiotics were documented during 
admission and follow-up. Daily wound inspections were 
performed. 
Results: During this study 32 patients were included to this 
study. Mean age at the date of surgery were 61 years. In 13 
patients a PDC was applied intraoperatively. The number of 
involved segments did not differ significantly in both groups 
(p=0,92). Moreover, number of stabilized segments did not differ 
significantly (p=0,74). Mean follow-up was 156 days. No patient 
treated with PDC suffered from a drop in arterial blood pressure, 
dural leakage, spinal cord injury, hematoma, or postoperative 
meningitis. One patient suffered from mechanical complications 
and the PDC was removed. No escalation of antibiotic treatment 
was necessary in patients treated with PDC whereas two patients 
needed a change in the antibiotic regimen. Postoperative pain 
was monitored (VAS) and significantly reduced on p.o. day 
number two in the PDC treated group (p=0,04), whereas no 
significant difference was observed on discharge (0,66). 
Conclusion: With the use of PDC a better control of 
postoperative pain in patients with surgical stabilization may be 
achieved. Application of PDC is not associated with higher rates 
of complications in patients with spondylodiscitis and may an 
additional tool to postoperative systemic analgesia. 
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Introduction: The restriction of the visual field is one of the 
main indication for operative correction in ankylosing 
spondylitis. The operative technique for correction is demanding 

because of the poor bone quality and the lack of bony landmarks. 
Because of the rigid deformity osteotomies have to be performed. 
Especially in severe hyperkyphosis of more than 100° a 
specialized operative technique with a closed wedge technique 
has to be performed. 
Material and methods: We treat a total of 4 patients with 
ankylosing spondylitis and Cobb angle of >100° and a restriction 
of the visal field of less than 3 meters using lumbar posterior 
closed wedge osteotomy in at least 2 levels. A long stand x ray 
was used to calculate the amount of correction and hence the 
basis of the wedge as well as number and location of the 
osteotomies. The instrumentation was performed with pedicle 
screw and bone cement augmentation. The osteotomies were 
performed in 2 stages. The maximum of the length of the basis of 
the posterior wedge was limited by the distance between 2 
lumbar nerve roots. The thinning of the anterior cortex was 
performed using a high speed drill. The closing of the posterior 
wedge was performed by applying continuous lordotic forces and 
tilting of the operating table. 
Results: The preoperative Cobb angle ranged between 100 and 
122°. Using the operating technique described above a mean 
correction of 73% could be achieved (fig 1). There was no visual 
restriction noted after surgical correction. Although several 
complications were recorded in this series there was no case of 
permanent neurologic deficit. 
Conclusion: The current operative technique is suitable to 
correct severe thoracic hyperkyphosis in ankylosing spondylitis. 
 
Fig. 1 
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thoracic spinal pathologies  
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Introduction: Pathologies of the thoracic spine are usually 
accessed by a posterior approach or lateral thoracotomy. Here we 
present a minimal invasive retro-pleural approach to the anterior 
thoracic spine. 
Material/Methods: Fourteen patients with thoracic spine 
metastases (n=6), disc herniation (n=3) or vertebral fractures 
(n=5) have been operated between 2012 and 2013 through a 
minimal invasive retro-pleural approach in our department. After 
lateral positioning of the patient, retro-pleural preparation was 
performed during one-sided pulmonary ventilation, which was 
deregulated after insertion of distraction instruments (Caspar, K-
wire, Synframe). Operative results, complications and early 
postoperative outcome were assessed. 
Results: Ten female and four male patients between 48 and 78 
years (median=66 years) were treated with the minimal invasive 
retro-pleural approach. In every case a sufficient preparation and 
exposure was achieved. Five patient’s unintentional injury of the 
pleura occurred which was locally sutured in 3 patients and 
treated by thorax drainage placement in two patients. 
Discussion: Our preliminary results suggest that the minimal 
invasive retro-pleural approach represents a reliable alternative 
method to the traditional transthoracic approaches for accessing 
the anterior thoracic spine.  
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Introduction: Dynamic implants are designed to avoid a 
complete limitation of motion like in fusion and to restore a 
certain residual mobility. These requirements should be fulfilled 
by interspinous stabilization devices as well. But there is no 
consensus regarding their clinical significance. We have 
information regarding the mobility by biomechanical studies and 
by the use of standard-roentgenograms with their well-known 
measuring inaccuracy. The aim of this prospective study is to 
present the clinical and radiologic course after implantation of a 
posterior dynamic stabilization system in the lumbar spine. 
Material/Methods: After calculation of the number of cases10 
patients with therapy resistant back and leg pain or claudication 
due to a spinal canal stenosis and/or facet joint arthrosis had been 
included in a prospective clinical study. 9 cases had surgery in 
L4/5, one patient in L2/3. Additionally to the decompression a 
posterior dynamic stabilization system (Wallis®, Zimmer Spine) 
was implanted. Clinical evaluations were performed before 
operation and after 3, 6, 12 and 24 months. Analysis were done 
for VAS for back and leg pain, Oswestry Disability Index (ODI), 
Roland-Morris-Score (RM) and SF-36. At the same time points 
and directly postoperatively the segmental motion of the 
stabilized level and of the whole lumbar spine (L1-S1) was 
measured in ante- and retroflexion. Furthermore, the segmental 
range of motion was determined with RSA, which allows a 
measuring accuracy between 0.15 and 1.15°. 
Results: One patient had to be excluded in the early 
postoperative course for further follow-up because of another 
operation. All of the other patients could be evaluated after 6 
months, 6 after 12 months and 3 after 24 months so far. At each 
time points all patients had relevant improvement in the VAS 
(back 4.0; leg 2.5) and in ODI (18.0%), RM (24.5%) and SF-36 
in comparison to the preoperative date (VAS back 6.0; VAS leg 
4.7; ODI 40.0%; RM 55.2%). In the conventional roentgenogram 
the average segmental motion was 6.62° before operation and 
directly after surgery 2.69°. In the further course the data 
successively increased whereas the initial value was not 
completely reached after 24 months (5.3°). By the use of RSA the 
segmental mobility was 2.89° directly postoperatively, which 
also increased during the follow-up period up to 10.15° after 24 
months. Overall, the average difference between the conventional 
roentgenogram method and RSA was 3.5°. The range of motion 
of the whole lumbar spine increased from preoperative 19.65° in 
the further time course up to 39.31°. 
Conclusion: The results of this study show improvement in the 
clinical outcome. However, these findings should be interpreted 
with caution because of the absent control group. On the basis of 
thein vivomeasured radiologic data we can conclude, that this 
implanted posterior system fulfills the requirements to a dynamic 
stabilization. 
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Introduction: Degenerative lumbar facet joint syndrome is a 
common reason for lumbar back pain. After unsuccessful 

conservative treatment, rhizotomy of the dorsal roots supplying 
the facet joint may provide substantial pain relief. The success of 
the intervention is highly dependent on the experience of the 
surgeon and the positioning of the intervention needles. So far, 
the anatomic structures are represented only indirectly by X-ray 
or ultrasound images. Through direct visualization of the facet 
joints in an endoscopic procedure, a directly controlled 
anatomical rhizotomy can be performed. 
Material/Method: Since January 2013, we introduced 
endoscopic rhizotomy of the facet joints under general anesthesia 
in patients who have previously reported pain relief of at least 
50% on the numeric analog scale (NAS) based on response to 
facet jointinjections. The primary clinical outcome was evaluated 
as relative difference at discharge, and at the first follow-up after 
8 weeks. Furthermore, the operation time and the complications 
of the intervention were analyzed. 
Results: A total of 33 patients (15 women, 18 men, mean age 
60.37 years, range 26-87 years) were included. 88 facet- and 12 
sacroiliac joints (SIJ) were endoscopically treated (Th12 /L1 = 2; 
L1 / 2 = 2; L2 / 3 = 7; L3 / 4 = 22; L4 / 5 = 35; L5/S1 = 20; SIJ = 
12). At discharge, 28 of 33 patients (84%) and at follow-up 26 of 
33 (78%) patients reported a pain relief of > 50% on the NAS. 
One patient complained of postoperative newly acquired painful 
dysesthesia in the leg. The average time per treated joint was 17 
minutes (7.5 to 62 minutes). 
Conclusion: Endoscopic rhizotomy of the facet joints is a 
method of radiofrequencyablation under visual control. Although 
no long-term follow up exist, the first results are promising. 
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Individual operative management of large recurrent atypical 
en plaque meningioma of the cervical spinal canal 
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Objective: Spinal meningiomas are considered to occur with low 
frequency in the cervical spinal canal. Only a small number of 
those are found in ”extradural” localization at surgical 
exploration, aggravating the complete excision. Here we present 
a case of a recurrent atypical meningioma (WHO II°) in a woman 
with cervical myelopathy and neuropathy. 
Methods: A patient presenting with spinal meningioma 
growingen plaquefrom C2 to T1 with an intra- and extradural 
part. Treatment of initial tumor manifestation C3 - C6 occurred 
by C4 - C5 corpectomy and resection of the extradural tumor 
portion in 2000. Periodic MRI and clinical exploration were used 
for tumor residual control. Recurrent growth of the meningioma 
after 10 years caused cervical cord and nerve root compression 
and was treated surgically with gradual recovery. Imaging 
studies, surgical findings, and histopathologic evaluation were 
analyzed to support the diagnosis. 
Results: At surgery of the late meningioma relapse, initial 
cervical stabilization with dorsal fixation of C2-Th4 was 
performed. Adjacent ventral corpectomy of C3-C7 was followed 
by resection ofen plaquegrowing tumor. Final reconstruction of 
the defect and ventral stabilization occurred by fixation and 
implantation of individually manufactured interbody spacer. 
After initial graduation as fibroplastic meningioma (WHO I°) in 
2000, an atypical meningioma (WHO II°) was diagnosed by 
histopathologic examination of the dural-based lesion. 
Conclusion: Surgical treatment of spinal meningiomas remains a 
surgical challenge, in particular for en plaque or infiltrating 
tumors. Compression of the spinal cord and/or nerve roots as well 
as histopathologic grading determines the patient prognosis. 
Since those entities are extremely rare, individual surgical 
strategies are necessary. Multilevel corpectomy combined with 
dorsal fixation and ventral stabilization allows resection of vaste 
tumors with plane expansiveness in ventral extra- and intradural 
localization. 
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Percutanous screw insertion in posterior cervical spine 
spondylodesis 
*F. Stockhammer1, V. Rohde1 

1Universitätsmedizin Göttingen, Neurochirurgie, Göttingen 
 
Objective: In dorsal spine instrumentation trajectories of screw 
placement and visual approach often diverge depending on the 
systems manufacturer. Drilling and screw insertion for narrow 
and sloped massa lateralis as well as lateral directed C7 pedicle 
often demand extreme trajectories making broad exposure 
necessary. We report our first experience with percutanous tube 
based drilling and screw insertion as a prototype enhancement of 
a dorsal cervical spine instrumentation system to minimize 
surgical approach. 
Patients and methods: In 10 patients with need for dorsal 
cervical spine instrumentation the entry points were exposed by a 
microsurgical approach. In 5 patients with lateral mass fixation a 
single extra skin incision about 7cm below the approach served 
to place a dilator and consecutively a tube into the surgical site. 
Via the tube the drilling, screw and rod placement was 
performed, whereas the screw fixation was performed through 
the microsurgical approach. In 5 patients instrumentation of C7 
pedicular screws was performed respectively using a far lateral 
incision on each side. 
Results: 34 screws (24 massa lateralis and 10 C7 pedicular) have 
been placed via percutanous tubing. Ideal screw placement could 
be achieved in 22 (92%) and 8 (80%), respectively, following a 
learning curve. No revisions had to be done. In C7 pedicular 
screws an angle of more than 45° from sagittal plan could be 
achieved. The minimum skin incisions for single level massa 
lateralis was 1.5 and 2cm, for C7 pedicular screw 4 and 1.4 cm 
on each side. No wound infection occurred. 
Conclusion: Percutanous screw placement enables extreme 
screw trajectories while sparing length of skin incision and soft 
tissue trauma. 
 
Fig. 1             Fig. 2 
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Introduction: Anterior instabilities of the cervical spine are 
usually treated using interbody devices, often combined with 
anterior plates. Especially in trauma cases, rigid plates are 
thought to be advantageous when compared to dynamic 
plates.The aim of the study was to investigate, how different 
types of implants (dynamic and rigid version of QUINTEX, 
Aesculap, Germany, without and with pedicle screw-rod-
fixations) influence cage loading, sagittal alignment and range of 
motion within CTJ. This was analysed within a model using a 
simple, but standardised defect of bony instability within C7. 
Methods: 10 human specimens C5-T2 were used and checked 
within the following conditions: Intact. Following standardised 
wedge defect within C7:Defect. Following vertebral body 
resection, replacement C7 and anterior plating (5 receiving a 
rigid, 5 receiving a dynamic plate): ACCF. Following cyclic 

loading (ACCF cyc). Following additional pedicle-screw-rod-
fixation, ACCF + Ped. We analysed for each of these 
1. loading of the cage, 2. sagittal alignment C6-T1, 3 three-
dimensional (flexion- extension, left-right lateral bending, left-
right axial rotation) flexibility („Range of motion“, ROM) C6-
T1. ANOVA and least-significance-difference test were used, 
significance was defined for p < 0.05.  
Results: Loading of the cage: both plates allowed dramatic peaks 
in flexion and extension, with no difference between rigid and 
dynamic version except loading in neutral position after pedicle 
screw insertion (Abb. 1). Severe kyphosis is produced by the 
defect; both plates did restore lordosis (Abb. 2). ROM: Both 
plates stabilise the segment, with, however no significant 
difference between them in any loading condition. 
Conclusion: Within this model of an isolated anterior defect 
within C7 a significant difference between rigid and dynamic 
version of the plate tested could not be identified. The presence 
of an additional posterior screw-rod fixation significantly reduces 
loading, improves sagittal balance and reduces ROM. The only 
significant difference between both plates is observed in the 
presence of a posterior pedicle screw insertion, when the cage is 
loaded in neutral position. Therefore, it is concluded, that there is 
almost no difference between rigid and dynamic plates in a 
mechanical set up of the cervical spine. 
 
Fig. 1 

 
 
Fig. 2 
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Titanium versus carbon composite rods for single-level 
transforaminal lumbar interbody fusion: Preliminary results 
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compared to clinical outcome parameters 
*T. Hartwig1, F. Streitparth2, M. Pumberger1, C. Druschel1, K.-
D. Schaser1, A. Disch1 

1Charité - Universitätsmedizin Berlin, Centrum für 
Muskuloskeletale Chirurgie, Berlin, 2Charité – Universitäts-
medizin Berlin, Institut für Radiologie, Berlin 
  
Introduction: Carbon composite as a material for spinal 
implants offers different opportunities. Its microstructural 
characteristics compared to titanium was lately attributed to 
induce a better bone stimulation for fusion, less adjacent 
degenerative changes and early improvement of clinical outcome. 
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Methods: Patients with chronic low back pain due to a single-
level degenerative disc disease Modic ≥ II° or degenerative 
spondylolisthesis Meyerding ≤ I° and facet joint osteoarthritis 
Fujiwara ≥ II° of the segment L4/5 were randomly distributed to 
2 groups (titanium rods (group A); carbon composite rods (group 
B)). All patients received titanium pedicle screws and a single-
level transforaminal PEEK cage (TLIF). Patients underwent 
fusion analysis using standardized flexion/ extension x-ray 
investigations (fusion = ≤ 1° intersegmental movement; pre-
operatively, 6 weeks and 6 months postoperatively) and CT 
investigations (begin of fusion = new bone formation in disc 
space and begin of bony bridging across the disc space; 6 months 
postoperatively). Pre-operatively, 1 and 6 weeks as well as 6 
months postoperatively clinical parameters (ODI, VAS) were 
recorded and compared to the radiological parameters. 
Results: Until now 12 patients (7 female/ 5 male; medium age 
67.9 years) were treated with titanium (group A) and 14 patients 
(7 female/ 9 male; medium age 67.8 years) with carbon 
composite rods (group B). At 6 months follow-up investigations 
33% of the patients in group A showed a fusion in the x-rays (Ø 
1.4° intersegmental movement) regarding to the mentioned 
criteria but without confirmation in CT control with a begin of 
fusion rate (BFR) of 16.7%. In comparison all patients of group 
B revealed fusion in the x-rays (Ø 0.7° intersegmental 
movement). CT controls showed a higher or advanced spinal 
BFR of 50% compared to group A. There was no significant 
difference between the CT investigations of group A and B 
(p>0.05). Group A showed in contrast to group B 2 radiological 
adjacent segment degenerative changes. Pain and function 
improved significantly (group A p=0.0051; group B p=0.0002) in 
both groups 6 months postoperatively compared to the pre-
operative state and 1 week postoperatively. There was no 
significant difference between both groups for the clinical 
outcome parameters. 
Conclusion: Carbon composite rods for single level spinal fusion 
are at a midterm follow-up a safe and comparable alternative to 
the „gold standard“ Titanium. In both investigated groups a 
significant improvement was observed at follow-up for pain and 
function. The preliminary radiological results show a higher 
fusion rate in the carbon composite group and reduction/ delay of 
radiological adjacent degenerative changes.  
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Distraction arthrodesis of the sacroiliac joint - 1-year results 
of a prospective, multi-center observational study in 160 
patients 
*V. Fuchs1, F. Hassel1, B. Ruhl1, J. Stark1 

1AMEOS Klinikum St. Salvator, Orthopädie, Halberstadt 
 
Introduction: According to current literature, deep lumbar back 
pain is caused in over 20% of all cases by the sacroiliac joint. 
Besides being triggered by primary arthrosis, chronic pain can 
also be triggered by previous lumbar/lumbosacral spondylodesis, 
accessory joints, post-traumatic changes, seronegative 
spondylarthritis as well as persisting ligament instability. 
In cases where no acceptable alleviation of pain is achieved in 
spite of intensive conservative treatment, distraction arthrodesis 
of the sacroiliac joint is a new, very promising surgical technique 
that can be used to achieve permanent fusion of the SIJ. The 
objective of the prospective, multi-center observational study that 
was conducted is to document and critically evaluate the 
functional and radiological outcome of this new surgical 
procedure. 
Materials/method: After undergoing conservative therapy for at 
least 6 months without success, over 190 patients in 22 hospitals 
underwent SIJ surgery due to marked chronic pain syndromes in 
the time period from January 2011 to June 2012. In the surgical 
interventions, the sacroiliac joint from which the symptoms 
emanated was indirectly fused by means of a DIANA implant. A 
follow-up examination of the implantation / fusion by means of 

pelvic radiograph/CT was performed immediately after surgery, 
and at least 6 months after surgery. In addition, the patients were 
given questionnaires regarding their state of health prior to 
surgery and 6 weeks, 3, 6, 12 (as well as 24) months after 
undergoing surgery. The data collected in each case included, 
besides general patient satisfaction, the Oswestry Disability 
Index (ODI), the Million Visual Analog Scale (MVAS), the SF-
McGill pain questionnaire (SF-MPQ) as well as SF-12 and a pain 
diagram. 
Results: The first results after 12 months follow-up are presently 
available. 160 operations in 154 patients could be analyzed in a 
meaningful way. The mean duration of the operations was 100 
minutes, the mean blood loss was 180 mL. The ODI improved 
from 53% preoperatively to 36% after 12 months. The MVAS 
showed a similarly good result, decreasing from 64.4 points 
preoperatively to 40.8 points. The SF-MPQ score dropped from 
110.3 points to 73.5 points. The decrease in back pain was 
indicated after 12 months as being 50.5%, and the decrease in 
accompanying leg pain was, with 53.5%, even greater. Patient 
satisfaction was high: 78% of the patients would recommend the 
operation to others. If the group of patients (n=66) who had not 
previously undergone lumbar spine surgery is considered 
separately, then the results in this group 12 months after surgery 
were even more convincing. The ODI improved from 50% to 
30%, the MVAS improved from 63.5 to 33.0 points, and the SF-
MPQ score improved from 110.8 to 62.9 points. The decrease in 
back pain was 56.6% in this group of patients, and the decrease 
in leg pain was 63.1%. 
Discussion: The results obtained after the first 12 months are 
very promising. The DIANA procedure provides a safe surgical 
technique for indirect arthrodesis of the sacroiliac joint which can 
be carried out as minimally invasive intervention from a dorsal 
access without major muscular trauma. The method takes into 
account both the individual bone situation and also neuro-
vascular structures, and can be well reproduced. Long-term 
studies and detailed studies are nevertheless still needed to 
confirm the good early results. 
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Intraoperative 3D-imaging of pedicular screws using a 
standard C-arm 
*S.R. Kantelhardt1, J. Conrad1, N. Keric1, A. Nimer1, A. Giese1 

1Universtitätsmedizin Mainz, Neurochirurgie, Mainz 
 
Introduction: Recent developments, such as the introduction of 
image- or robotic-guided pedicle-screw implantation, have 
reduced the rate of misplaced implants in spine surgery. Now a 
new software (C-On-SiteR, Mazor Robotics, Israel) additionally 
allows intraoperative 3D visualization of the resulting implant 
positions using a conventional C-arm. In this retrospective study 
we analyzed the resulting data in comparison with a standard 
postoperative CT. 
Material/Methods: We reviewed our first 28 clinical cases 
where intraoperative C-On-SiteR scanning was attempted. Scans 
were performed directly following pedicle screw implantationt. 
Additionally we placed 23 pedicle screw in a cadaverous model, 
which were mostly intentionally misplaced. Postoperatively each 
patient and the cadaver specimen were examined by standard CT. 
Following this the position of each screw (clinical and 
experimentally placed) was rated in postoperative CT and 
intraoperative C-OnSiteR data in a grading system from 0-4 (0°= 
screw entirely in the bone, 1°=cortical encroachment, 
3°=deviation <3mm, 4°=deviation 3-6mm, 4°=deviation >6mm 
from the pedicle). Rating was performed by 3 blinded 
neurosurgeons. The resulting grades for postoperative CT and 
intraoperative C-OnSiteR were compared (inter modal variance). 
Besides the rating (CT and C-OnSiteR) of the surgeons were 
compared with each other (inter-observer variance). The selective 
x-ray time for C-OnSiteR scanning was recorded in 19 patients. 
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Results: Of 28 cases (138 screws), 25 were at least partially 
successfully examined by C-OnSiteR (120 screws). In one 
previously operated patient registration of the C-OnSiteR failed 
because scans were performed after intraoperative removal of 
hardware which was present on the preoperative CT. In two 
thoracic cases patients arms restricted movement of the C-arm. In 
average 1.5 C-OnSiteR scans were performed per patient for in 
average 1.9 fused levels. Average x-ray time for the whole 
procedure was found to be 132+/-51s. Average x-ray time per C-
OnSiteR scan was 40+/-16s. Inter-modal variance was 20%, while 
the inter-observer variance was found to be 16% for CT, and 
20% for C-OnSiteR. An inter-modal variance of more than 1° was 
only found 4 times in 429 ratings (0.9%), while it appeared in 9 
of 572 ratings for the inter-observer variance (1.6%). 
Conclusion: C-OnSiteR is a feasible technique for intraoperative 
control of pedicle screw positions. X-ray time and dose of C-
OnSiteR scans are comparatively low compared to the whole 
procedure. A technically successful C-OnSiteR scan might 
replace the postoperative CT-scan. Inter-modal variances are 
occurring about as frequent as inter-observer variances, while the 
inter-observer variances tend to be higher grade. Marked 
variances of >1° between postoperative CT and intraoperative C-
OnSiteR ratings are only observed in about <1% of the cases. 
Intraoperative C-OnSiteR scans might help to avoid re-operations 
for repositioning of screws. 
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Introduction: Posterior lumbar interbody fusion (PLIF) surgery 
is a commonly used procedure for degenerative lumbar 
instability. Locally harvested bone is usually inserted into 
intervertebral cages to increase fusion rate. The fusion rate of 
intervertebral cages without bone application remains unknown. 
The aim was to retrospectively analyze fusion rates of 
intervertebral polyetheretherketone and titan cages in posterior 
lumbar interbody fusion surgery that were implanted without 
autologous bone grafting using 3D computer tomography 
scanning. 
Material/Methods: Fourty patients between the age of 43 and 83 
years with mono- or bisegmental degenerative instability were 
included. Polyetheretherketone cages were used in 28 segments 
in 25 patients (PEEK group) and titanium cages were used in 19 
segments in 15 patients (Titanium group) undergoing PLIF 
surgery with pedicle screws. All patients were treated for 
degenerative lumbar instability assessed by MRI, CT and/or 
dynamic lumbar x-ray. Primary outcome parameter was 
radiological fusion rate measured by CT scan at follow up, 
secondary parameters included rate of implant failure and 
adjacent segment disease. 
Results: No difference in mean age between groups was 
identified (PEEK: 69±10 years, Titan: 63±12 years). Mean follow 
up was 39±13 months in PEEK and 21±10 months in Titan 
group. Radiological fusion rate was 25% of operated segments in 
PEEK and 47% in Titan group. Screw loosening/adjacent level 
disease was observed in 8% / 8% in PEEK group and in 7% / 
14% in Titan group. 
Conclusion: Radiological fusion rates of PEEK and Titan cages 
without bone grafting is low in PLIF surgery and therefore bone 
grafting should be performed if possible. Rate of implant failure 
and adjacent level disease remains low despite reduced osseous 
fusion in the operated segments.  
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Accuracy of image guided pedicle screw placement in 
cervical, thoracic, lumbar and sacral levels using the O-arm 
3D imaging system 
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Introduction: Image guided techniques in spinal surgery are 
used increasingly for pedicle screw placement. The O-arm 
imaging and navigation system provides intraoperative 3-
dimensional images for spinal navigation. The aim of this study 
was to evaluate the accuracy of pedicle screw placement in 
cervical, thoracic, lumbar and sacral levels in a large number of 
patients using the O-arm imaging and Stealth navigation system. 
Material/Methods: Patients planned for spinal stabilization with 
pedicle screw implantation were operated using the O-arm as 
imaging device and the Stealth station as navigation tool 
(Medtronic). The accuracy of the pedicle screw placement was 
evaluated and classified into five groups: screws placed exactly 
within the pedicle were evaluated as group A, screws deviating 
<2 mm as group B, > or = 2 mm to <4 mm as group C; > or = 4 
mm to 6 mm as group D and more than 6 mm as group E.  
Results: A total of 1736 cervical (n=16, 0.9%), thoracic (n=618, 
35.5%), lumbar (n=996, 57.4%) and sacral (n=106, 6.1%) pedicle 
screws were evaluated in 412 patients (mean age 62 year, range 
18-86 years, female to male ratio 1:1). In axial plane, 97.3% of 
the screws were classified as group A and 1.7% as group B. In 
longitudinal plane, 98.2% of the screws were evaluated as group 
A and 1.1% as group B. Only 4 (0.23%) screws needed to be 
revised. 
Conclusion: Image guided pedicle screw placement using the O-
arm intraoperative image system is a safe and reliable technique 
with very high accuracy. 
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Introduction: There are a number of different methods to 
measure the improvement of mobility after a decompression 
surgery of the spine. The patients’ self-evaluations are uncertain. 
Objective evaluation-methods are mostly complex, expensive and 
technically difficult. In this pilot-study we are trying to prove the 
possibility of measuring with a mobile-phone-integrated, on GPS 
(global positioning system)-relying method to control the 
reliability of the patients evaluations. We developed the measure 
method with the goal to design a completely new outcome-
measuring-tool. 
Materials and Methods: Pilot-study. The everyday life activity 
of the patients is measured by using a GPS-capable mobile phone 
(a week preoperative, follow up to 3 months later). Our software 
for android-systems records the position- and movement-data of 
the patient from 6 am to 10 pm. This is used to determine the 
total distance walked (GS), the average distance (S), the average 
walking speed (V) and the total walking duration per day (T). 
Additionally we are able to explore the measuring inaccuracy. 
Results: So far we collected results from 4 patients. The changes 
in these parameters were recorded for all patients (see figure 1 
and 2). (diagram 1). Patient 1 made progress in all categories. GS 
improved by 650.76 %, S by 1213.83 %, T by 148.18 % and V 
by 78.62 %. Most of the data of patient 2 showed no progress. 
GS declined by 54.37 % and so did S by 31.56 % and V by 9.20 
%. Only T has increased by 507.91 %. Patient 3 increased his 
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mobility significantly. His GS improved by 972.63 %, S by 
3117.89 % and T by 4089.56%. Only V declined by 15.50%. As 
well as patient 1 and 3, patient 4 showed a positive development. 
His GS improved by 269.07 %, S by 72.23 %, T by 9.08% and V 
by 8.54%. Summarizing the gathered data, we are able to say, 
that the average walking distance, the total walking distance and 
the average walking duration per day improved because of the 
surgery. 
Discussion: This tool is able to measure the perioperative 
mobility and walking-capability. The certainty of data is 
dependent on the patients’ compliance. The measuring method is 
used as a cheap “easy-to-use”-technique, which seems to be 
superior to common methods like a treadmill-tests or walking 
tests. Nevertheless these results are still to prove in upcoming 
analysis. 
 
Fig. 1 

 
Fig. 2 
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Introduction: Most patients with low back pain recover within a 
few weeks, but a significant proportion has again within months 
developed chronic symptoms or complaints. Several psychosocial 
risk factors for chronic back pain is known. The effectiveness of 
preventive interventions on behavioral risk factors, and fear 
avoidance beliefs is not well documented. 
Methods: In a cluster-randomized trial in 35 general practices 
patients were classified with acute back pain with the Örebro 

questionnaire into three risk groups. The intervention at low risk 
was an information brochure at medium risk a 2x2 hour training 
on exercise, and at high risk for 2x2 h relaxation and pain 
management. Study endpoints were recorded chronicity 
(Disability and intensity of Korff), functional capacity (FFbH) 
and the number of doctor visits for RS after 12 months. The 
analysis was performed using cluster-adjusted regression models. 
Results: There were 111 patients in the intervention arm and 143 
patients in the control are analyzed. Between the groups was no 
significant difference in confinement. In all study endpoints, the 
effects of the theoretically expected direction corresponded. The 
effect was significant only for Disability. The proportion of 
physician visits in the 6 months prior to the 12 month follow-up 
survey because RS was 44% versus 34% in the control group (p 
= .15). Participation in training in psychosocial intervention arm 
was low. 
Conclusions: Screening for stratification of patients with back 
pain in primary care practices was feasible. Although the effect 
directions consistently turned out in terms of a benefit of the 
intervention, many effect sizes were too small to be statistically 
significant and clinically relevant. 
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with Cervical Radicular Pain or Radiculopathy due to Disc 
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Introduction: Irritation of a cervical spinal nerve by disc 
herniation or spondylosis is a very common condition. It causes 
arm pain with or without neck pain, often accompanied by 
numbness and tingling of the affected extremity. The initial 
treatment for cervical radiculopathy is conservative care. 
However, clinical success rates with these therapies are less than 
satisfactory and more than 1 in 4 patients will ultimately require 
surgery. Here, a more invasive treatment like transforaminal 
injection of steroids (TFIS) is an alternative to surgery after 
unsuccessful conservative therapy. The objective of this study 
was to determine the effectiveness of TFIS with regard to 
avoidance of surgery and to explore possible determinants of 
response to TFIS. 
Material/Methods: Retrospective practice audit. Data for this 
study were drawn from an electronic medical record system. 
Included were all consecutive patients during a time period of 6 
months with cervical radicular pain or radiculopathy and an MRI 
demonstrating discogenic or spondylotic nerve root affection who 
had received TFIS (triamcinolone and bupivacaine under 
fluoroscopic guidance) as a treatment to one nerve root. The 
severity of pain was evaluated using a numeric analogue scale 
(VAS), before and 1 month after TFIS. Favorable response was 
defined as reduction of pain of at least 50 % lasting longer than 1 
month after injection. The clinical parameters evaluated were the 
level and side of the affected nerve root, duration of pain, neck or 
radicular pain and presence of sensory or motor deficits. MRIs 
were reviewed independently by a specialist neurosurgeon and by 
a specialist for radiology and neurology, blinded to the patient’s 
clinical symptoms and to the response to treatment. The 
radiological features assessed were the location, grading and 
cause of the nerve root impingement. 
Results: 49 patients were enrolled; one was lost to follow-up. 
Only a small portion of patients treated with TFIS (35.4 %) 
achieved at least 50 % reduction of pain 1 month after treatment. 
The initial VAS was 6.8 and was reduced to 1.8 after one month. 
None of the clinical or radiological features was associated with 
successful outcome. 22.9 % of the included patients had to 
undergo an operation. In these patients C6 was significantly more 
often involved than any other nerve root (P=0.05). The duration 
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of symptoms before treatment was significantly shorter (P=0.01) 
than in patients without operation. 
Conclusion: TFIS shows a good effect only in a small portion of 
patients. Compared to epidemiologic literature the number of 
necessary operations is not diminished by using this procedure. 
The operated patients show a more acute symptoms. It was not 
possible to unequivocally determine the grade of nerve root 
compression by MRI, and there are no clinical or radiological 
predictors of the effectiveness of TFIS or the probability of a 
surgical procedure. The differential indication of TFIS or surgery 
should be based on a combination of clinical signs, MRI findings, 
and personal experience with treating cervical radicular pain. 
Larger studies and innovative imaging approaches such as 
perpendicular MRI slicing of the respective cervical root canal 
may allow to better defining the role of TFIS in the future. 
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Correction of the kyphosis angular over 30 degrees without 
surgical interventions by a bacterial vertebral-body-
destruction in a 3-month old child 
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F. Eckoldt3, R. Kalff1 
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Spondylodiscitis in neonates and infants is usually very rare to 
encounter clinically. This is mainly due to the fact that it is 
difficult to acquire a valid medical history in small age-groups, 
who usually come with nonspecific symptoms and unclear 
presentation. We report a 3-month-old premature baby, who 
suffered in the postpartum period from several infections. During 
an intensive pediatric follow up course, a spinal kyphosis in the 
thoracic segment was reported. Through MRI and blood cultures 
was the diagnosis of an unspecific spondylodiscitis due to 
staphylococcus aureus confirmed. In endotracheal anaesthesia 
with the aid of neuromonitoring, the dekyphosis of the spine and 
the fixation of a brace took place. Under regular adjustments of 
the brace was an almost physiological alignment and age-
appropriate development of the thoracic spine attainable. 
 
Fig. 1    Fig. 2 
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Intensive interdisciplinary treatment of lumbar spinal 
stenosis. Evaluation of a conservative outpatient pain 
management program 
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Introduction:  Interdisciplinary conservative treatment seems to 
be a promising option in the management of degenerative spinal 
disorders. The purpose of the following study was to evaluate the 
benefit of a 3-week-intensive interdisciplinary pain management 
program in the outpatient setting of an orthopaedic department in 
a german university hospital in patients with lumbar spinal 
stenosis. 
Materials and methods: Retrospective analysis of a prospective 
database of patients, who underwent the intensive 

interdisciplinary pain management program in the year 2012. 
Inclusion criteria: clinical and radiographic (MRI) appearance of 
spinal stenosis, completed the program, age >18 years. Exclusion 
criteria: incomplete datasets, no informed consent signed. 
Following parameters were evaluated at the start (1.day) and the 
end of the program (3.weeks): pain intensity (10-point NRS), 
functional impairment (ODI= Oswestry Disability Index). Further 
evaluated parameters were: clinical classification of the spinal 
stenosis (I-III), age, gender, the segmental distribution, duration 
of symptoms, pain-free walking-distance and analgesics intake. 
Results: 70 patients with spinal stenosis were included into the 
retrospective analysis (n=49 female, n= 21 male, average age= 
66.9 years). 67.14% of the collective (n=47) presented a 
monosegmental distribution of spinal stenosis. Multisegmental 
distribution was found in 23 patients (32.86%). The average 
duration of claudication symptoms was 70.1 months (CI 95%= 
40.38-99.82). The average pain intensity was 6.5 (CI 95%= 6.07-
6.93) NRS and the functional disability 36.22 (CI 95%= 32.34-
40.11) ODI at the start of the treatment. After three weeks, the 
reported pain intensity was decreased to 2.37 (CI 95%= 1.9-2.85) 
NRS and the functional impairment to 25.88 (CI 95%= 21.8-30) 
ODI. The differences of both parameters were significant (Mann-
Whitney-u-Test). A reduction of analgesics intake and an 
increase of pain-free walking distance could be achieved. 
Discussion: The study presents a good short-term clinical 
outcome of the outpatient conservative program for patients with 
lumbar spinal stenosis. Long time-follow ups are needed to 
evaluate a longer lasting the clinical benefit. 
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Spine injuries in motor vehicle accidents - a medical and 
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Introduction: Spinal injuries pose a considerable risk to life and 
quality of life. Over the last decade, improvements in active and 
passive safety devices in motor vehicles have markedly 
decreased the total number of road deaths. Nevertheless, little is 
known about how this has affected the incidence of spine 
fractures in occupants of motor vehicles. 
Methods: Data from an accident research unit were accessed to 
collect collision details, preclinical data, and clinical data. We 
included all data on front-seat occupants. Hospital records were 
retrieved, and radiological images were evaluated. 
Thoracolumbar spine fractures were classified according to the 
Magerl classification. 
Results: We analysed 33,015 front-seat occupants involved in 
motor vehicle accidents over a 24 year period. We identified 126 
subjects (0.38%) with cervical spine fractures, 78 (0.24%) with 
thoracic fractures, and 99 (0.30%) with lumbar fractures. The 
mean relative collision speeds were 48, 39, and 40 kph in 
subjects with cervical, thoracic, and lumbar spine fractures, 
respectively. Contrary to the overall cohort, these patients 
typically sustained multiple hits rather than simple front 
collisions Occupants with spinal fractures frequently showed 
numerous concomitant injuries; for example, additional vertebral 
fractures. The incidence of fractures was correlated with collision 
speed. However, the incidence of spine fractures declined over 
the 24-year study period. 
Conclusion: In motor vehicle accidents, the overall risk is 
comparatively low that a front-seat occupant will sustain a spinal 
fracture. Nevertheless, spinal injuries can be extremely harmful, 
and they are typically accompanied by significant concomitant 
injuries. Preventive measures should focus on complex collision 
mechanisms, because they are most likely to result in severe 
spinal injuries. 
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Purpose: The SWISSspine registry was launched in 2005 to 
assess the safety and effectiveness of balloon kyphoplasty (BKP). 
In the meantime, repeated reports on high rates of adjacent 
vertebral fractures (ASF) after BKP of vertebral insufficiency 
fractures were published. The causes for ASF and their risk 
factors are still under debate. The purpose of this study was to 
report the incidence and potential risk factors of ASF within the 
SWISSspine registry dataset. 
Methods: The SWISSspine data points are collected 
perioperatively and during follow-ups, with surgeon- and patient-
based information. All patients documented with a 
monosegmental osteoporotic vertebral insufficiency fracture 
between March 2005 and May 2012 were included in the study. 
The incidence of ASF, potential predictors (patient age, gender, 
fracture location, cement volume, pre- and postoperative 
segmental kyphosis) and influence on quality of life (EQ-5D) and 
back pain (VAS) were analysed. 
Results: A total of 375 patients with a mean follow-up of 3.6 
months were included. ASF was found in 9.9% (n=37) and 
occurred on average 2.8 months after surgery. Preoperative 
segmental kyphosis >30° was found to be a significantly 
associated to ASF (p=0.023). Further on, patients with ASF had 
significantly higher back pain at the final follow-up. No further 
predisposing factor for ASF were revealed in the adjusted 
analysis. 
Conclusions: The findings suggest that patients with a 
preoperative segmental kyphosis >30° are at high risk of ASF 
within three months after the index surgery. In case of an ASF 
event, back pain levels are significantly increased. 
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Introduction: The avoidance of complications should be 
considered with each medical acting. A local multidisciplinary 
management of complications is of socio-economic consideration 
and due to the current health policy a major challenge. To focus 
the local know-how of spine therapy a possible solution may be 
the instrument "Spine Quality Circle". 
Method: Since 2010 a regular interdisciplinary spinal quality 
circle is offered by the colleagues of the local spine departments. 
Participants come here from the fields of orthopedics, 
traumatology and neurosurgery. On the basis of case 
presentations in the diagnosis, the indication and the surgical 
procedure are gradually analyzed and discussed in the 
conversation between colleagues. To investigate the quality and 
value of the “Spine Quality Circle”, a anonymous participants 
evaluation was performed. 
Result: The quality circle could be with 5 points certified. The 
average number of participants of N=25 came to the events. In 

the period beyond 12 months N = 63 questionnaires could be 
analyzed. The participants were divided equally into executive 
physicians, senior physicians and medical assistant positions. 
With 50% of the number of participants, the orthopedic surgeons 
were the most represented group. Personal enrichment is the 
particular characteristic of the quality circle for all participants. 
The formation of a local network is reported of from all executive 
and all senior physicians. In all questionnaires, the group size 
was described as pleasant. 
Discussion: The interdisciplinary gathering of the departments a 
high level of expertise across the entire spectrum of spinal 
surgery could be achieved for any event. The “Spine Quality 
Circle” led to the formation of a local interdisciplinary network. 
On the structural basis of the quality circle complications were 
openly discussed and avoided in the future. The “Spine Quality 
Circle” is a suitable instrument for the implementation of an 
interdisciplinary complication management. 
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Pre- and postoperative range of motion in patients 
undergoing atlantoaxial fusion using the Harms technique 
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Introduction: The most common indication for atlantoaxial 
fusion is an instable traumatic injury of the atlas and axis. In 
these cases preoperative assessment of the range of motion is 
limited due to the unattended nature of trauma. Due to the lack of 
knowledge it is difficult to give informed consent in patients 
undergoing elective atlantoaxial fusion. Therefore the aim of our 
study was to assess the range of motion pre- and postoperatively 
in patients undergoing planned atlantoaxial fusion. 
Material/Methods: We analyzed five consecutive patients (age: 
43 - 77). The indication for fusion was odontoid pseudarthrosis 
(n=1), os odontoideum (n=2) and rheumatoid arthritis (n=2). In 
all five patients atlantoaxial instrumentation was performed using 
C1 lateral mass screws coupled by C2 pars interarticularis screws 
(Harms procedure) and in three cases additional decompression 
by C1 laminectomy was performed. The primary endpoint was to 
compare the range of motion (ROM) concerning rotation before, 
immediately after the fusion procedure, at 3 and 6 months after 
the procedure. Secondary endpoints were Quality of life (SF 36, 
EQ5D) and neurological outcome. 
Results: The mean rotational range of motion (ROM) was 82°. 
The mean ROM immediately after surgery was 44° (53% of the 
initial ROM). At three months the ROM increased to 62% and at 
6 months to 67% of the initial ROM (figure 1). 
Conclusion: C1/C2 fusion is associated with a loss of rotational 
ROM of almost 50% in the immediate postoperative course. 
Long-term follow up might show compensation in the rotational 
ROM. 
 
Fig. 1 
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Introduction: Evaluation of the results of one- or two-level 
minimally invasive posterior lumbar interbody fusion (MILIF) 
for degenerative lumbar disorders in a multi-center 1-year 
prospective observational study (NCT01143324). 
Material and Methods: 252 patients (56% female, mean age: 54 
years, mean BMI: 28, mean duration of symptoms: 29 months) 
enrolled by 19 centers in 14 countries underwent one (83%) or 
two level (17%) MILIF (TLIF: 95%; PLIF: 5%) for treatment of 
leg pain (52%), back pain (39%) or claudication (9%) due to 
degenerative lumbar pathologies, including spondylolisthesis 
(53%), stenosis(71%), and/or disc pathology (94%). Participating 
surgeons were required a minimum prestudy experience of 30 
MILIF cases. 15.1% of patients had previous decompression 
surgery at the target level. Patient demographics, intra-operative 
data, and complications were recorded. Time to first ambulation, 
time to study-defined recovery, surgical duration, blood loss, 
fluoroscopy time and adverse events were recorded. Outcome 
scores (VAS back and leg, ODI, EQ-5D) were assessed 
preoperatively and at defined time points through 12 months 
postoperatively. 
Results: Available for the follow up: 249/252 (99%) patients at 
4-week follow-up, and 233/252 (92.5%) at 12 months. One-level 
surgery occurred at L4-5 or L5-S1 in 91% and two-level surgery 
at L4-S1 in 74%. Mean surgical duration, blood loss and 
intraoperative fluoro-time were 128 vs. 182 minutes, 164 vs. 233 
ml, and 115 vs. 154 seconds in one- and two-level cases, 
respectively. The mean time to first ambulation was 1.3 days, and 
time to study-defined recovery was 3.2 days. Mean preoperative 
VAS back (6.2) and VAS leg (5.9) scores dropped significantly 
(p<.0001) to 3.1 (2.9) and 1.9 (2.5) at discharge (4 weeks), 
respectively. VAS improvement was sustained between 4 weeks 
and final follow-up at 12 months. Fusion rates: 90.8% fusion in 1 
level and 90.7% for 2 level procedures (141 and 27 patients 
evaluated, respectively). Preoperative ODI (45.5%) and EQ-5D 
VAS (52.9) changed to 34.5% (22.4%) and 65.4 (71.0) at 4 
weeks (12 months) (p<.0001). There was a constant improvement 
of EQ-5D subscales and reduction of pain medication ongoing 
from 4 weeks to 12 months. A total of 3 adverse events in 3 
patients (1.2%) were attributed to the minimally invasive 
approach (of which 1 SAE), out of 50 AE´s in 39 patients (15,5 
%) generally; no deep surgical site infections and 7 reoperations 
occurred in this period. 
Conclusion: This is the largest prospective multi-center 
observational study of MILIF to date, following routine local 
standard of practice. MILIF demonstrated favorable clinical 
results with early and sustained improvement in patient reported 
outcomes and low major perioperative morbidity. This is the first 
data monitored large scale multicenter study on MILIF providing 
objective results for this procedure. 
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Introduction: Spinal epidural lipomatosis is a rare pathology 
that is characterized by an abnormal accumulation of adipose 
tissue in the spinal canal leading to compression of neural 
structures. The treatment of this entity is controversial. The 
limited evidence for the success of surgical decompression is 
mostly derived from case reports. Moreover, no patient-reported 
outcome studies have been carried out. The objective of this 
study was to evaluate patient-reported outcome after lumbar 
decompressive surgery for lipomatosis in the largest series of 
patients examined to date. 
Methods: Consecutive patients with documented symptomatic 
epidural spinal lipomatosis undergoing surgical treatment in a 
single centre between 2004 and 2012 were retrospectively 
analysed. Data were obtained from patient histories and the 
International Spine Tango Register. Inclusion criteria were 
documented lipomatosis on preoperative MRI-scans. Patients 
with spinal stenosis caused by other pathologies, with 
instrumented fusion for back pain or degenerative 
spondylolisthesis were excluded. Outcome was evaluated using 
pre- and postoperative Core Outcome Measure Index (COMI; 
scored 0 - 10) including the pain scale (0 - 10) for leg and back. 
Three months was defined as the minimal follow-up time; for 
most patients a two-year follow-up period was available (mean 
20.2 months). 
Results: In 170 patients undergoing lumbar decompressive 
surgery during the respective time period, an epidural lipomatosis 
was documented. Of these, 141 patients were excluded due to 
accompanying discogenic or arthrogenic spinal stenosis. In six 
patients radiological documentation was missing and one patient 
did not complete the COMI forms. Finally, 22 patients (19 male, 
3 female, mean age: 68.2, range 50.4 - 88.7 years) were included 
demonstrating dural compression solely by adipose tissue. At 3-
month follow-up the outcome scores showed a significant 
improvement: COMI from 7.5 ± 1.7 (mean ± SD) to 4.9 ± 2.5 
(p<0.0001), leg pain from 5.9 ± 2.6 to 3.5 ± 2.8 (p=0.0042) and 
back pain from 5.4 ± 3.2 to 4 ± 2.8 (p=0.004). The effect was 
retained for one and two years (1 year COMI: 5.1, ± 2.9, p=0.005 
vs. preoperative value; 2 years COMI: 5.1 ± 3.1, p=0.003 vs. 
preoperative value). During the follow-up period no patients had 
revision surgery for recurrence of lipomatosis. 
Conclusion: Based on patient-reported outcome, we could 
demonstrate a beneficial effect of decompressive surgery for 
spinal stenosis due to epidural lipomatosis. As expected, the 
improvement of leg pain was more pronounced than the effect on 
back pain and lasted for at least two years. 
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Introduction: The Twelfth Rib Syndrome (TRS) represents a 
significant cause of lumbosacral pain. Because of the complex 
ramifications of the XII spinal nerve, pain can be perceived in the 
lower abdominal, inguinal, or hip region (Fig. 1). From a 
diagnostic point of view, a thorough clinical examination and 
selective diagnostic blocks are necessary. Radiologic 
investigations (plain X-rays, CT and MRI) are occasionally 
helpful, especially when pathological conditions are visualized at 
the dorsolumbar transitional area. Pulsed radiofrequency (PRF) 
has been employed for many years as an alternative to 
conventional radiofrequency in the treatment of both pain 
transmitted by spinal nerve roots and neuropathic pain generated 
by peripheral nerves. Between Mai 2009 and December 2012, 26 
consecutive patients with TRS were treated at our institution. 
The aim of this study was to determine whether PRF represents a 
valid mini-invasive option in the treatment of TRS when 
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conservative therapies fail or are inadequate, and what proportion 
of patients show a positive benefit 5 months after treatment. 
Patients and methods: Twenty-six consecutive patients with 
TRS (69.2% female and 30.7% male) were treated with PRF 
between Mai 2009 and December 2012 at our institution. 
Selective transforaminal diagnostic blocks of the 12th spinal 
nerve were performed with 0.5 ml contrast medium (Jopamiro©) 
followed by lidocaine 2% in 84.6% of the cases to confirm the 
clinical diagnosis; 23% of patients were treated bilaterally and 1 
patient underwent a second procedure. Under fluoroscopy in two 
planes, an SMK-C10 needle with a 5-mm active tip was inserted 
transforaminally at the level of the T12 dorsal root ganglion. PRF 
was applied for 5-8 minutes with 2Hz, 45 V and a pulse width of 
10 msec. The impedance was kept under 450Ω and the 
temperature under 41°C. 
Results: Good results (VAS ≥ 50%, NRS≥ 5 lower) were 
obtained in 73.1% of cases after 1 month, 69.23% after 2 months 
and 69.23% after 5 months following the procedure. All patients 
except 1 were treated only once. 
Discussion: The TRS represents a complex painful condition 
involving the lumbosacral, lower abdominal/inguinal and hip 
region. The etiology is unknown in many cases, and the diagnosis 
is clinical and often has to be confirmed by selective 
transforaminal diagnostic blocks. Radiological investigations are 
seldom helpful; in 1 case we observed pronounced degeneration 
of the T12 disc with Modic II changes of the adjacent vertebral 
bodies on MRI. Osteoporotic and traumatic fractures of the XII 
vertebral body as well as vertebroplasty of the adjacent vertebrae 
are possible generators of a TRS. Transforaminal steroid 
infiltration at the level of T12 should not be performed because 
of the possible presence of the artery of Adamkiewicz, the main 
contributor to the lower spinal cord, whose course lies between 
T8 and L4. We recommend the use of PRF in cases of TRS when 
conservative treatments have failed. The benefit of this mini-
invasive therapy is long-lasting in more than 60% of patients 
when the correct diagnosis is made. 
Literature: Cranfield KAW, Buist RJ, Nandi PR et al. The 
Twelfth Rib Syndrome. J Pain Sympt Management 13(3), 1997. 
Sluijter ME. Radiofrequency Part 1, Flivo Press, Meggen, 
Switzerland, 2001 
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Introduction: The basivertebral nerve in the centre of the 
vertebral body innervates the endplates and play an important 
role in back pain. The Intracept System is a new, needle-based 
device developed to treat patients with LBP by ablating the BVN 
within the vertebral and denervates as such the endplates. 
Material and methods: Prospective, international multicenter 
study and monocenter long term results. 16 patients were treated 
between 2008 and 2009 in the pilot study, F/U 1 year. Nine 
patients with F/U up to 5.5 years. Inclusion criteria: Failure of 
conservative treatment, typical lumbar back pain with indication 
for fusion. Erosive osteochondritis in one or two motion 
segments (Modic 1 /2), spondylolisthesis max. grade 1. After the 
pilot study, further ten patients were treated prospectively, 
following the above mentioned inclusion criteria plus non - 
Modic patients, F/U max. 2.5 years. The outcome included 
primarily ODI, secondarily VAS and SF36. 
Results: The initial 16 patients showed a significant decrease of 
ODI scores postoperatively (29 points, p< 0.01) which persisted 
over the first year (31 points, p=0.001). The follow - up (min. 3 - 
max 5.5 years) showed a continued improvement of all 
parameters (VAS pre 6.3, max F/U 1.1; SF36 PCA pre 36.8, max 
F/U 47,4; MCA pre 47,4, max F/U 50,2; ODI pre 53,1, max F/U 
18,8). The post - pilot patients with broader indications showed 
similar pre - op values also similar post-op results (VAS max F/U 
1, SF36 PCA max F/U 50,5; MCA max F/U 56,1, ODI max F/U 
2,7). The long - term results of the pilot study patients and the 
post - pilot results reflect the treatment of 36 vertebral bodies, 31 
on - target, 2 misses, 1 patient lost to F/U after 6 weeks. 
Conclusion: The basivertebral nerve is an important factor in 
back pain. The ablation of this nerve doesn’t have any negative 
side effect on spine stability / fractures. The ablation furthermore 
leads to a clinical significant improvement of back pain whilst 
avoiding major surgery in on - target patients. 
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Introduction: Adjacent segment disease (ASD) can severely 
reduce or eradicate the long-term success of fusion surgery. In 
cases of degenerative disc disease (DDD) the question of natural 
history versus iatrogenic overload as the cause of ASD is often 
impossible to answer. The hypothesis tested in this paper is, that 
ASD rates after fusions for haematogenous lumbar 
spondylodiscitis are different to those for DDD. This is the first 
study with a minimum follow-up (FU) of five years to report on 
the incidence of ASD and reoperation rates after lumbar fusion 
surgery for spinal infection. 
Methods: In a retrospective, case-control study of clinical and 
radiological long-term outcome measures; out of a series of 945 
surgically treated patients we retrieved 55 patients (27 M, 28 F, 
mean age 58.7 years) with primary lumbar SD. All patients 
operated in our institution between 1994 and 2007 were included, 
allowing a minimum FU of 5 years. Patients have been divided 
into two groups: group A with radiological and/or clinical ASD 
(22 patients; 40%) and group B as a control group) (33 patients). 
The mean FU in this study was 8.6 years. 
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Results: 69 segments have been primarily operated. Surgical 
treatment consisted mainly of combined anterior and posterior 
surgery. The causative organism was staphylococcus aureus in 27 
cases (49.1%). 13 patients (23.6%) required reoperations over 
long-term FU; 11 because of ASD (20%). ASD presented mainly 
with instability in four patients, spinal canal stenosis in four and 
adjacent disc prolapse in three. Recurrence of infection occurred 
in nine cases (three same level and six adjacent level). The 
functional outcome was significantly worse in ASD group at last 
FU as compared to the control group. 
Conclusions: The incidence of ASD after long-term FU of 
surgical treatment of SD has never been demonstrated in the past. 
The occurrence of adjacent segment disease was not related to 
age, sex, number of levels, intraoperative complications or early 
complications. A statistically significant difference was found in 
osteoporosis, that had a negative influence on the occurrence of 
ASD (p=0.023). More commonly found in the ASD group 
(p=0.034) were patients, whose spondylodiscitis was associated 
with psoas abscess. Preoperative, postoperative (and operative 
correction of:) segmental lordosis did not affect the occurrence of 
ASD. This study concluded that ASD occurs after lumbar spine 
fusion in treatment of spondylodiscitis, at the rate as after fusion 
for degenerative spine disease. 
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Purpose: The incidence of spinal Tuberculosis (TB) is relatively 
low but spinal TB accounts for 50% of all skeletal 
manifestations. The default management of TB is medical. 
Surgical treatment of spinal TB may be indicated if there is 
significant vertebral collapse and resultant deformity, significant 
or progressive neurological compromise which occurs in 10-40% 
and large abscess formation. Surgery is indicated if medical 
treatment over a period of weeks or months has not improved the 
neurological compromise. Surgical options range from simple 
abscess drainage to complex reconstruction of the anterior and 
posterior columns. The pathophysiology of TB related neurology 
i.e. paraparesis differs from acute trauma as it slowly progresses 
with increasing cord compression with epidural pus or kyphosing 
spine. 
In this study a limited cohort of patients that underwent surgical 
management of spinal TB for progressing neurology was 
investigated for neurological improvement during one year. 
Methods: 13/20 Patients completed the study protocol. 
Neurological improvement was documented by the Nurick 
classification, the modified Japanese Orthopedic Association 
scale (mJOA), the Frankel score and the ASIA scale. 
The surgical procedures were mainly performed via a posterior 
approach with instrumented fusion and auto or allograft. 
Statistical evaluation involved testing Gaussian distribution by 
the D'Agostino & Pearson omnibus normality test and testing for 
significance by a Wilcoxon signed-rank test. In order to best 
illustrate trends of the ASIA scales a custom made table 
displaying pre-op and 1 year results was designed. 
Results: The Nurick score was 5.5±1.2 prior to surgery and 
improved to 2.0±2.7 (p<0.05) one year after surgery (Figure 1a). 
The value for lower limb motor function of the mJOA scale was 
1.9±1.9 on admission. After one year the score improved to 
5.2±2.4 (p<0.05). The sphincter dysfunction as a marker of 
complete or incomplete paralegia was 1.8±1.2 before surgery and 
improved to 2.7±0.8 (p<0.05) at one year follow-up (Figure 1b 
and c). Regarding the ASIA scale there was no deterioration 
noted once symptoms had improved (a graphical illustration 
showing the improvement over a one years period is 
demonstrated in Figure 2). 

Conclusions: Although most authors agree that surgical 
intervention is recommended when severe deformity or 
neurological symptoms persist despite adequate medical 
treatment there is little evidence in the literature supporting early 
and radical surgery [1]. It is a characteristic of most areas in the 
world with high incidence of TB that the study popultation is 
mostly of low socioeconomic status and formal organizational 
problems make structurized follow-up difficult. Therefore our 
study design is limited. All neurological outcome scales 
measured in this trial showed improvement after one year. The 
majority of patients improved from being wheelchair-bound to 
walking. Although there is a limited number of patients with this 
prospective study we want to highlight the value of surgical 
management of spinal TB - all patients improved. Therfore this 
study supports the treatment of spinal TB by surgical means 
when neurological symptoms occur. 
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Introduction: Contiguous vertebral involvement is the usual 
pattern of disease. A diagnosis of noncontiguous vertebral 
infections was defined as vertebral disease additional to the 
primary lesion identified on MRI separated by at least 1 normal 
spinal segment. The organism most described is mycobacterium 
tuberculosis. With depressed immunity and appearance of 
resistant organisms, the low virulent organism can easily cause 
affection of spine at different levels. A large proportion of 
affected noncontiguous sites may be asymptomatic. The primary 
level is the level for which the patient had been presented. We 
currently perform whole spine MRI in all patients with suspected 
spinal infection to aid detection of multiple level noncontiguous 
infection. 
Material/Methods: A retrospective study including all cases 
between 1995-2011 with Non-contiguous multifocal spinal 
infection caused either by specific or nonspecific organism. All 
patients were surgically treated at least one level. Diagnosis was 
confirmed by histology after open or CT-guided biopsy and 
microbiology from each lesion identified. MRI images of all 
sequences used in all patients. 
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Results: In our cohort of 1138 consecutive cases of spondylitis 
we identified 77 cases of infection at noncontiguous levels of the 
spine (43 male, 34 female; mean age 64.4 years; mean follow-up 
28 months). The presenting site of involvement was lumbar in 32 
cases, thoracic in 27 and cervical in 18.The presenting 
neurological function according to ASIA Impairment Scale A(3), 
B(4), C(18), D(30) and E(22). Musculoskeletal infection in 16 
cases (20.8%). Other non-musculoskeletal infection in 29 
(37.7%). Associated urinary tract infection in 25 (32.5%). 28 
cases (36%) were diabetic, 21 cases (27%) had renal 
insufficiency and in 17 cases no comorbidities detected. The 
American Society of Anesthesiologists (ASA) Score: class I in 17 
cases, II in 28, III in 22, IV in 10 cases. By using whole spine 
MRI as screening tool; infection in double levels was identified 
in 65 patients, 3 levels in 9 and 4 levels in 3 patients. The most 
common pattern was thoracic-lumbar in 33 cases (43%) followed 
by lumbar-lumbar in 12, cervical-lumbar 11, thoracic-thoracic 9, 
Cervical-thoracic 8 and cervical-thoracic-lumbar in 4 cases. The 
causative organism: TB in 7 and nonspecific in 56 (Most 
commonly staph. aureus in 34 cases). In 14 cases no organism 
could be isolated. Laboratory investigation; the mean 
preoperative CRP (121.7), WBC (10.9), ESR (87.1), 2 weeks 
postop. CRP (49), WBC (8.9), ESR (77), last follow up CRP 
(37.2), WBC (8.3), ESR (47.7). Mortality rate 28.6% (22 cases). 
Conclusion: Pyogenic Spondylodiscitis or Spondylitis is not 
uncommon among the increasing number of elderly polymorbid 
patients. Impressive symptomatology at one level does not rule 
out affections at other non-adjacent segments of the spine. 
Organisms with previously attributed low virulence can easily 
cause multiple level infections as a tribute to resistance of the 
organisms and compromised immunity of the patients. Whole 
Spine MRI should be used as a diagnostic screening test to detect 
multifocal lesions even if not symptomatic. Whole Spine MRI 
provides early detection of spinal infection avoiding progression 
of osteomyelitis and supporting a proper conservative treatment 
of these levels. 
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Introduction: Percutaneous vertebroplasty or “augmentation 
with bone cement” is a widely accepted modality of treatment for 
thoracic and lumbar vertebral osteoporotic fractures. Infection 
after Vertebroplasty or kyphoplasty is a serious, yet rarely 
reported complication.  
Methods: A retrospective uncontrolled clinical case-series in a 
single institution. Between January 1997 and June 2012, 1307 
patients underwent percutaneous vertebroplasty or kyphoplasty; 
six cases had postoperative infection (0.46%). Four additional 
cases were referred for salvage treatment from other institutions. 
Perioperative assessment included visual-analogue-scale (VAS), 
clinical, laboratory and imaging findings and activities of daily 
living at the end of follow-up. Ten patients were included; seven 
females and three males (mean age 72.3 years). Co-morbidities 
were found in all patients. Kyphoplasty had been done in six 
patients and vertebroplasty in four. 
Results: The interval between augmentation and revision surgery 
ranged from ten to 550 days with a mean of 161.6 days. Infection 
parameters were high in all patients at readmission. All patients 
were treated surgically except one case who died before the 
planned revision surgery. In all cases debridement and 
corpectomy was done through anterior approaches combined 
with posterior instrumentation. The most common causative 
organism was Staphylococcus aureus in three cases. Mean 

follow-up period after the revision surgery was 26.4 months, 
excluding two patients who died early in the follow-up (within 
four months). This amounts to a mortality rate of 30% 
perioperatively. At the end of follow-up, three patients had 
unrestricted activities and one patient required a walker. Of three 
paraparetic patients, two improved functionally to walking ability 
without assistance, while one in spite of improvement still 
needed a wheelchair. 
Conclusion: Although vertebroplasty and kyphoplasty are 
minimally-invasive interventions; postoperative infection can 
develop into life-threatening complication. This should be 
accounted for in decision-making in the elderly age group most 
commonly affected by osteoporotic fractures, and especially in 
suspicious high-risk immune-compromised patients. 
 
Fig. 1          Fig. 2 
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Introduction: Operative treatment in thoracic to lumbosacral 
(T1-S1) pyogenic spondylodiscitis is common but there is no 
single standard procedure yet. The morbidity and mortality still is 
not minor, particularly for those old and critically ill patients who 
need gentle but effective treatment. 
Method: Since 2008, 48 patients with thoracic to lumbosacral 
pyogenic spondylodiscitis were operated by transforaminal 
interbody fusion using pedicle screws and cancellous bone graft 
from posterior iliac crest. Antibiotics were administered for 12 
weeks post-operatively in all patients. 
Results: The mean patient age was 70 years. There were 33 male 
and 15 female patients. Single-level and two-level involvement 
was seen in 43 and 5 patients respectively. Abscesses in iliopsoas 
muscle were drained with the aid of sonography and those in 
dorsal muscles or epidural location were drained at time of 
surgery. The causative micro-organism could be identified in 43 
(90%) patients, in 34 (71%) from intra-operative specimen and in 
the remaining through additional blood cultures. The cause of 
infection remained unclear in 13 (27%) cases, 6 (13%) had prior 
spinal surgery and 3 (6%) had peridural catheters or injections as 
probable cause. The hospital stay was 27 days on average. 
Revision was necessary in one because of csf leak post-
operatively. One patient recieved VAC-treatment for poor wound 
healing. Implant removal was not required in any patient. One 
patient had subsequent infection in another level not adjacent to 
operation site after 6 months. One patient needed 2 local 
revisions for recurrence. Subsequently the cause was found to be 
tubercular and it resolved with anterior fusion procedure. 
Complications were delayed wound healing (2), paralytic ileus 
(2), renal failure (2), pneumonia (2), cardiac decompensation (2), 
endocarditis (1) and acute myocardial infarction (1). 3 patients 
succumbed to septic shock (mortality 6,3%). 14 (29%) patients 
had neurological deficits on admission (Frankel A-D). 5 (36%) of 
them had a better Frankel grade at discharge. 96% of patients that 
had adequate radiological follow up showed bony fusion. 
Discussion: The results are comparable to publications on other 
operative methods in pyogenic spondylodiscitis in the literature. 
In our opinion, one stage transforaminal interbody fusion is 
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gentle and effective in treatment of pyogenic thoracic to 
lumbosacral (T1-S1) spondylodiscitis. 
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Sanious destruction of load-bearing elements as well as 
complications that come along with autologous spongiosa from 
the donor side necessitated the development of synthetic 
intercorporal placeholders. Even though promising results were 
released in recent years, the relevance of bone substitutes in 
vertebral osteomyelitis is even more controversially discussed. 
This includes the implant, BMP (bone morphogenetic protein) 
and synthetic bone graft. Most studies investigated the fusion 
status with plain radiography including flexion/extension views 
to assess fusion progress. Several studies have shown the 
advantage of CT- scans over plain radiographs. Data regarding 
the fusion rate of silicate substituted calcium phosphate filled in a 
titan cage assessed by computer tomography are currently not 
available. 
The purpose of this study was to evaluate retrospectively the 
radiological outcome of titanium cages loaded with synthetic 
bone graft (silicate substituted calcium phosphate) among 
patients with severe spondylodiscitis in a consecutive series of 
cases. Between 08/2010 and 10/2011 14 operations on 3 female 
and 11 male patients were performed. They underwent 
simultaneous debridement, partially decompression and 
corpectomy. No additional autologous bone or bone marrow 
aspirate was used. The average age was 69 years (53-81 years). 
C-reactive protein and white blood cell counts were analyzed 
preoperatively as well as for follow-up. American Spine Injury 
Association´s (ASIA) classification was applied to define the 
neurological status. Visual Analogue Scale (VAS) Score was 
used to determine pain. 
The routine immediate assessment included plain X-rays for 
position and alignment check of the implants. Bony fusion was 
assessed in CT scans at follow-up examination. Because of 
various accompanying diseases dynamic motion fluoroscopy was 
not practicable. For the CT scans a 16-slice CT was used. Scan 
parameters were 130 kV, 250-275 mA, 16 x 0.6 mm slice 
thickness, reconstruction kernel B60s, reconstructed slice 
thickness 2 mm. The average follow-up examination took place 
12 months (5-20 months) after instrumentation. Radiological 
evaluation was performed by independent observers (MTP, GL). 
Criteria for fusion were bone contact and trabecular bridging 
between endplates and graft, incorporation of bone graft in the 
cage and lack of radiolucent lines around implants. Pain as well 
as blood inflammation parameters showed a significant reduction 
among all patients. The sagittal profile was regained in all 
patients. All cages but one showed a solid bony fusion without 
any recurrence of infection. This loss was due to an implant 
failure of the cranial dorsal fixation screws. 15 months after 
surgery the patient did not show any clinical disorders or pain. 
Intercorporal bony fusion continued to proceed in follow-up CT-
scans. The use of titanium cages filled with synthetic bone graft 
clearly demonstrates the solid fusion of vertebral bodies in the 
treatment of spondylodiscitis. Moreover, there was neither 
recurrence nor persistence of infection as to implantation of 
titanium cages containing silicate substituted calcium phosphate. 
The evidence of identification of successful fusion cannot be 
conclusively assessed and the definition of successful fusion is 
still controversial, particularly with regard to non-invasive 
methods. Star-shaped or stripe-like artifacts caused by metal 

objects in the region of interest are an unsolved problem which 
leads to intermittent information. However, metal artifact 
reduction is a matter of current studies. 
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Background: Cervical infections are rare but potentially 
dangerous, having the highest rate of neurologic compromise and 
the greatest potential for causing disability among spinal 
infections. Furthermore, the incidence is increasing, which may 
be an effect of the increasing numbers of elderly and 
immunocompromised persons in the population. The purpose of 
this work is to analyse the behaviour of cervical spondylodiscitis 
in a single institution over two decades and to discuss the 
changes that occurred in the surgical management over the time. 
Methods: Between 1994 and 1999 twenty consecutive patients 
(group A) suffering from cervical spondylodiscitis underwent 
surgical treatment in our institution. These were compared to 
another group consisting of 30 consecutive patients (group B) 
undergoing surgery for the same disease between 2004 and 2009 
again in our institution. All patients in both series underwent 
surgical debridement and reconstruction followed by antibiotic 
therapy for 8-12 weeks. 
Results: The mean age at presentation increased from 59.7 to 
64.5 years. Male predominance was noticed in both groups. 
Accompanying neurological deficit was almost the same (40-
45%), while septicemia increased from 15 % to 40%. 
Radiologically, epidural abscess formation increased from 60% 
to 80%. Another concomitant non contiguous discitis in the 
thoracic and/or lumbar spine was found in 14 patients (47%) in 
group B. The disease was mostly monosegmental in group A 
(85%), while in group B, the disease became more aggressive 
affecting two and three segments in 43.3% of the cases. There 
was an increased tendency toward anterior alone surgery in group 
B (56.7%) in comparison to group A (35%). Staphylococcus 
aureus were isolated most frequently in both groups. Mean period 
of follow-up was 2.8 years. Healing of the inflammation was the 
rule. Mortality rate increased from 5% to 10%. Revision surgery 
was necessary in 5-6% due to metal failure or deep infection. 
Discussion and Conclusion: The aim of this study was to 
compare the presentation and treatment of cervical 
spondylodiscitis over a two-decade period. The patients 
presenting in the last six years of each decade were consecutively 
included in this work. The disease has increased from 3.3 patients 
per year (1994-1999) to 5 patients per year (2004-2009). It also 
became more aggressive, as shown by the increasing incidence of 
septicaemia, increasing mortality, increasing polysegmental 
affection as well as increasing epidural abscess formation. 
However, the most common causative organism remained 
Staphylococcus aureus in both groups. While radical surgical 
debridement, stable reconstruction together with antibiotic 
therapy remained a reliable approach to achieve complete healing 
of the inflammation, anterior alone surgery became more 
applicable.; may be due to the manifest advance in implants’ 
design. 
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Introduction: Since the Neolithic period in anatomically modern 
humans extreme pointed hump (extreme kyphosis) was observed. 
Source of this knowledge are skeletons. The most common 
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pathophysiology is spinal tuberculosis (called: Pott`s hump). We 
presented the typical skeletal pathology of this extreme spinal 
deformity and shows for the first time copperplate illustrations of 
this condition. 
Material: Five skeletons from the Early Middle Ages (Viking, 
Merovingian) and Middle Ages (Indians, Habsburg) with 
extreme kyphosis (> 120 °) were investigated. Further 
illustrations from the book by Carl Wenzel with the title: "On the 
spine diseases" from 1824. 
Results: All skeletons had the following typical pathologies: 
First, at least four vertebral bodies are almost completely 
resolved (nevertheless, shows a fusion of the vertebral bodies). 
Second, the spinal canal reveals no stenosis. 
Conclusion: In skeletal remains and bony figures we can find 
extreme spinal tuberculosis diagnosed by the typical three 
pathologies. A tuberculosis pointed hump is observed in different 
populations and periods in individual cases. 
 
Fig. 1 

Spinal tuberculosis with extreme 
kyphosis (copperplate from the 
book by Carl Wenzel in 1824) 
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Objectives: Spinal epidural abscesses (SEA), once considered a 
rare occurrence, are associated with high morbidity rates and 
severe neurological disability due to para- or tetraplegia. Crucial 
to a successful management strategy are early diagnosis, prompt 
surgical intervention, and consistent antibiotic treatment. Here we 
present our institutional experience with operative management 
in a series of SEA patients to asses neurological morbidity and 
mortality and the effect of the additional local and systemic 
antibiotic treatment on patients’ outcome. 
Materials and Methods: We retrospectively reviewed the 
clinical charts, radiology and microbiology reports as well as 
operative records of our SEA patients between 2007 and 2013. 
Results: Thirty-four patients with SEA (23 male, 11 female) with 
a median age of 69 years were reviewed. All patients underwent 
open minimal invasive surgery (partially multilevel 
interventions). A drainage of the abscess for a local antibiotic 
therapy -- using Gentamicin or Vancomycin-- was placed in 27 
of the patients. In addition, all patients received a systemic 
antibiotic treatment. Abscesses were localized to the lumbar, 
thoracic, and cervical spine, respectively, in 13 (38.2%), 6 
(17.6%) and 10 (29.4%) of the patients. Five patients (14.7%) 
had SEA at multiple spinal levels. Staphylococcus aureus was the 
most frequent isolate in 18 cases (53%), followed by 
Streptococcus species in 3 cases (8.8%). Outcome data showed at 
discharge: patients’ condition had improved or resolved in 20 
cases (58.8%), improved minimally in 4 cases (11.7%), and 
depicted no improvement in 10 patients (29.4%). The median 
time for hospital stay was 16 days. An infectious focus for the 
SEA was found in 6 patients (17.6%). In 3 cases the SEA was 
caused by an emerged epidural or paraspinal glucocorticoid 
injections as pain treatment. In 8 cases (23.5%), previous spinal 
surgical interventions might be the cause for SEA. In 1 case an 
injury to hypopharynx preceded the SEA. In the remaining 18 
cases (52.9%), no source of SEA could be determined. 

Conclusion: Minimal invasive surgery and drainage placement 
combined with local and systemic antibiotic treatment seems to 
be an effective treatment in symptomatic SEA patients. 
Nevertheless, the functional recovery still remains unsatisfying. 
Meticulous timing of elective operations in high-risk patients and 
aseptic perioperative procedures are imperative to reduce the 
postoperative incidence. 
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Introduction: The balloon kyphoplasty is established as a safe 
and smart therapy for vertebral osteoporotic compression 
fractures and metastases of the vertebral bodies. As the federal 
statistical office publishes, in 2010 in Germany there were 25101 
kyphoplasties settled costs. The postoperative infection is a 
common risk of surgery and happens quite rarely after a 
kyphoplasty.We present 3 cases of treatment of an iatrogenic 
spondylitis after a kyphoplasty in our hospital and give a review 
of the literatur. 
Material/Methods: For the literature research we used Medline 
and Medpilot. Keywords: infection, kyphoplasty, vertebroplasty, 
spondylitis, osteomyelitis 
We also conducted a retrospective study with analyzing these 
cases in our spine center from january 2003 to march 2013 with 
Spondylitis (n=318)and a kyphoplasty was done before (n=3). 
Results: We found 6 publications with overall 10 cases 
worldwide (4 x post kyphoplasty, 6 x post vertebroplasty). Case 
1: A 69 year old pat. was therapied in another hospital with a 
kyphoplasty because of a vertebral compression fracture Th12. 
After 1 week there was a new increase of pain, so he was 
transferred to our hospital. CRP: 199 mg/l. MRI: liquid in the 
placed cement, an involvement of the rear edge and a stenosis of 
spinal canal of 50%, an edema at the upper plate of L1. 
Intraoperatively there was a spondylodiscitis TH12/L1 
confirmed. We therapied with a two-step dorso-ventral 
spondylodesis Th11/12-L1/2 with replacement of the vertebral 
body. Agent: S.epidermidis. Case 2: A 71 year old pat. was 
therapied in another hospital with a kyphoplasty because of a 
vertebral compression fracture Th8. 4 weeks later she was 
transferred in our spine center. At MRI, CT and x-ray we saw a 
spondylitis Th6-Th10. CRP: 177 mg/l. The patient suffered from 
a violent pain caused by instability. VAS 3-4/10 in resting, 8-
9/10 in stress. The x-ray showed an instability with infiltration oft 
the paravertebral tissue. The therapy was a two-step dorso-ventral 
spondylodesis Th6/7-Th9/10 with replacement of the vertebral 
body. Agent: Propionibacterium acnes . Case 3: A 81 year old 
pat. got a kyphoplasty (lumbar vertebral bodies 1,4 and 5). 2 
months later the transfer to our spine center followed because of 
violent pain. The MRI showed liquid paravertebral in the right oft 
he 1st lumbar vertebral body and also at the former working 
channel and between the cement and the upper plate at 1st lumbar 
vertebral body (Fig.1). CRP 27, 7 mg/l. Agent: multi-resistant 
S.epidermidis. We therapied with a two-step dorso-ventral 
spondylodesis Th10-L3 with replacement of the 1st lumbar 
vertebral body (fig.2). All patients are free from pain and 
complications until now. 
Conclusion: Spondylitis after kyphoplasty is despite of a rapidly 
increase of kyphoplasties a quite rare complication. With a new 
increase of pain after surgery there should be necessarily thought 
of a fracture as well as an iatrogenic spondylitis. In our clinic we 
had success with the therapy in all cases. Two of the 10 cases 
published to date died however. In summary the kyphoplasty is a 
simple surgical procedure by now which can be conducted also in 



Eur Spine J (2013) 22:2582–2669 2651

123

general hospitals. The treatment of the spondylitis otherwise 
should only be therapied in a specialized spine center. 
 
Fig. 1    Fig. 2 
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Introduction: The number of spinal surgeries has increased 
significantly in the last decade, which has lead to a correlating 
increase in the number of problems related to wound healing 
infection. Current literature has reported a spinal wound infection 
rate of 0.7% to 20%. The gold standard for surgical restoration of 
the infection is to use supportive antibiotics but this concept of 
wound management in infections is often not sufficiently 
standardized and shows a large variance between individual 
clinics. The present study is to first collect data on the number of 
wound infections, the clinic's internal standards, the use of 
methods and tools and the management of revisions in Germany. 
Material/Methods: A questionnaire has been designed for 
detecting the number of postoperative wound infections, which 
need to be treated surgically, and the various treatment regimens 
used. The questionnaire was sent to all members of the DWG. An 
example of the questionnaire was to determine clinical internal 
standards and the procedure for the initial treatment of wound 
infection, the procedure for second look surgery and the number 
of revisions requested to infection healing. 
Results: The ongoing study has accepted 54 answer sheets 
covering a period from June 10 - 28 2013. 
On average, the participating hospitals perform 570 (80-1800) 
spinal operations and an average of 10 (0-40) revision surgeries 
annually. 55% reported having no fixed standard of care. 96% 
reported wound irrigation and debridement during the first 
revision; indication for second look revisions was based on the 
local examination of the wound conditions. In subsequent 
operations there was regular use of vacuum systems, drug 
carriers, jet lavage and antibacterial rinses. 
The procedure of implant removal was performed in 
approximately 35% of participating hospitals. On average 2 (1.8) 
revisions had been performed to reach effective wound healing. 
80% of the colleagues showed readiness to participate in a 
multicenter trial. 
Conclusion: Even the preliminary results show that there is a 
need for uniform standards in the treatment of postoperative 
infections. The surgical debridement and lavage has a major role 
in the treatment of infection. Aids such as vacuum systems; jet 
lavage and drug carriers have been used in an appropriate way. 
The overall rate of postoperative infections, of the clinics 
surveyed, appears low at approximately 1.8% per year. The 
infections were healed with approximately 2 revisions utilizing 
variety of different treatment strategies. This reveals that a 
prospective, multicenter study with therapeutic recommendations 
for the treatment of postoperative infections would be useful. 
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Introduction: The rate for haematogenous infections of the 
intervertebral disc is increasing as mostly elderly and 
immunocompromised patients are affected. Surgery is indicated 
if the disease is progressive with destruction of the local with 
instability and/or neurological impairment. Debridement of 
intervertebral abscess, decompression of the spinal canal and 
stabilisation of the segment is necessary. At the lumbar spine the 
ventral approach allows a radical debridement of the abscess but 
is less suited for stabilisation, especially in cases with poor bone 
quality. Therefore often a two-stage intervention with additional 
decompression and stabilisation from posterior is performed. 
In this study we report on the mid- to long-term outcome of a 
single stage strategy with debridement, cement-interposition and 
stabilisation from posterior for progressive, erosive 
spondylodiscitis. 
Material/Methods: In a retrospective, single center case series 
patients were evaluated who were surgically treated for 
progressive, erosive spondylodiscits. The single stage strategy 
consists of a lamino- and recessotomy for decompression, 
debridement of the disc space and the affected bone through 
anulotomy, filling of the resulting defect with an antibiotic 
containing cement spacer and bisegmental stabilisation with 
transpedicular screw fixation. 
Results: From 1997 to 2012 62 patients (34m, 28f, mean age 70y 
(32-92)) were treated with this technique. In 2 cases an open 
debridement of an abscess in the psoas was performed during the 
same operation. 41 patients were available for a minimal follow 
up of one year (mean FU 23.2 mths). 2 patients required 
additional debridement from ventral for persisting infection in all 
other the infection was treated successfully with the posterior 
intervention alone. Mean operation time was 164 min, blood loss 
812 ml, length of hospital stay 11.7 days. 2 patients died during 
initial hospitalisation, 12 patients during follow up; in 4 cases the 
cause of death was unknown in the other cases not related to the 
infection. 8 of the 14 patients with neurological impairment 
recovered completely. 11 patients required a secondary 
intervention of the spine (3x implant loosening/failure, 1x 
hematoma, 1x revision of a dural tear, 2x adjacent segment 
disease, 2x spondylodiscitis with a different germ, 2x persisting 
infection with debridement of the psoas abscess from anterior). 
Conclusion: The single-stage strategy with debridement, cement-
interposition and stabilisation from posterior is a valid option for 
he treatment of progressive, erosive spondylodiscitis of the 
lumbar spine. The complication rate is relatively low and the rate 
of persisting infection with 3.2% comparable with the results of 
two-stage procedures. 
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Introduction: Anterior approaches to the lumbar spine are 
standard procedures in spine surgery to treat degenerative disc 
disease, infection or tumors. Despite the low complication rate of 
anterior approaches the most common type is vessel injury. We 
describe the case of a large venous aneurysm of the left common 
iliac artery complicating the anterior approach to L5/S1. We 
describe the diagnostic and therapeutic procedures. 
Material and Methods: A 56 year old patient with degenerative 
disc disease was planned for anterior stand-alone fusion. A 
standard anterior median, left sided extraperitoneal approach was 
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performed. After exposure of the left common iliac artery a large, 
soft mass was detected in front of the disc space L5/S1. There 
was no pulsation and the wall was extremely thin. Due to the 
large dimension there was no way to expose the disc space and 
the surgery was abandoned. Further diagnostic workup showed 
an isolated aneurysm of the left common iliac vein without any 
shunt. 
Results: A research of the literature revealed that viszeral venous 
aneurysms are extremely rare and there are only 198 cases 
described in the English literature. In the area of the iliac and 
femoral vein (including the extraabdominal course) there are only 
7 cases. Proximal of the external iliac vein no cases have been 
described before. Due to the potential life threatening risks of 
thrombosis or rupture of the aneurysm, a surgical resection is 
recommended by some authors. After informed consent the 
aneurysmectomy and lateral venorrhaphy was performed (fig 2) 
without any intra-, or postoperative complications. 
Conclusion: Visceral venous aneurysm are extremely rare 
compared to arterial aneurysms. Due to the life threatening risk 
of rupture or thrombosis, surgical resection is recommended. 
This is the first case of a venous aneurysm of the common iliac 
vein successfully treated by aneurysmectomy and lateral 
venorrhaphy. 
 
Fig. 1         Fig. 2 
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Introduction: The less-invasive, direct lateral approach to the 
level L4/5 is popular because the vessel preparation, especially 
regarding the venous bifurcation can be avoided. Many 
companies developed approach instruments and implants which 
require a direct lateral approach, exactly perpendicular to the disc 
space L4/5. In principal the direct lateral approach is easy and the 
complication rate is low. However approach related problems 
may arise at the level L4/5 due to the position of the iliac crest, 
the size and position of the psoas muscle in relation to the disc 
space. Previous studies have shown that the lumbar plexus is 
located more anterior in the lower levels, especially in L4/5 and 
therefore direct or indirect injury (due to pressure during 
retraction) is more likely at this level. A CT based study was 
performed to assess the anatomic variability and the limitations 
of the direct lateral approach to L4/5. 
Material and Methods: A total of 50 CT scans of the abdomen 
was included. The mean patient age was 62 years (51-75 years). 
The parameters measured were: position of the disc space L4/5 in 
relation to the level of the iliac crest (an angulation of 0° means 
that a straight direct lateral expose can be achieved) (fig 1), the 
anterior-posterior diameter of the disc space L4/5 and of the 
psoas muscle, the anterior border of the psoas muscle in relation 
to the disc space L4/5 and the anatomic variability of the 
transverse process of L5 (angle between the axis of L5 and the 
axis of the transverse process of L5) (fig 2). 
Results: A direct, straight-lateral and perpendicular exposure of 
the disc space L4/5 could be achieved in only 25% of the patients 
(0° of angulation), in 48% of the patients a limited exposure 
could be achieved (1-15° angulation) and in 27% the approach 

was not possible (>15° of angulation between the iliac crest and 
the disc space L4/5). The mean anterio-posterior (ap) diameter of 
the disc space L4/5 was 35mm and the ap diameter of the psoas 
muscle was 38mm. The anterior border of the psoas muscle was 
in mean at the same level as the disc space L4/5 however the 
variability was very high (-5mm posterior to +21mm anterior to 
the anterior border of the disc L4/5). The mean angle of the 
transverse process of L5 in relation to the vertebral body of L5 
was in 98° (90-108°). 
Conclusion: The direct, straight lateral approach, perpendicular 
to the disc space L4/5 was feasible only in 25% of the patients in 
the current study. Hence, in 75% of the patients the approach 
must be changed by tilting in the more antero-lateral position to 
avoid the iliac crest. However this alternative exposure is not 
supported by most approach and instrumentation systems and 
therefore implant oblique malpositioning may result. If the 
approach is performed without anterior deviation, the oblique 
working channel bears the risk of violation of the upper endplate 
of L5 with subsequent implant migration or dislocation. The size 
and position of the psoas muscle in relation to the disc space L4/5 
and the angulation of the transverse process of L5 may be a risk 
factor for lumbar plexus damage. 
 
Fig. 1          Fig. 2 
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Introduction: Preclinical studies have well characterized the 
antifibrotic properties of a novel anti-adhesion gel, Hyalospine®, 
which is a physical combination of sulfated hyaluronate and 
gellan gum. The aim of this pilot multicenter, prospective 
randomized, double-blind controlled clinical trial was to confirm 
the safety and efficacy of Hyalospine® in human subjects for the 
prevention of adhesions and fibrosis following single- or two-
level lumbar laminectomy or laminotomy. 
Materials/Methods: Thirty-eight subjects (age range: 31-76 
years) diagnosed with degenerative spinal stenosis or disc 
herniation were randomized to either the Hyalospine® or control 
groups in a ratio of 1:1. Follow-up examinations were scheduled 
at 6 weeks, 6 months, and 1 year. Throughout the 12-month 
safety analysis period, all adverse events were reported and 
classified using the Medical Dictionary of Regulatory Activities 
(MedDRA) system, and hematological and immunological 
response tests were completed. Rates of AEs in the two groups 
were compared by means of Fisher's Exact Test. For the 
assessment of Hyalospine® efficacy, magnetic resonance 
imaging was used to determine the extent of epidural fibrosis. 
Efficacy data were compared by means of a logistic regression 
model. Further assessments included patient-reported outcome 
measures (Oswestry Disability Index, Pain Numeric Rating 
Scale, Short Form-36, EuroQol-5D, and Zurich Claudication 
questionnaires) were employed to assess physical function, pain, 
disability, symptoms, and quality of life/health status and 
examination of neurological status based on clinical evaluations 
of motor function, reflex and sensory domains. Handling 
characteristics of Hyalospine® were evaluated by the surgeons. 
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Results: Fifty percent (8/16) of the controls and 31% (5/16) of 
the Hyalospine® subjects reported at least one adverse event 
(AE) (Fisher's exact p-value=0.473). All were considered not 
related to Hyalospine® except one considered unlikely related. 
Additionally, none of the AEs for any Hyalospine® subjects were 
considered as a serious adverse event (SAE), while seven SAEs 
were reported for four control subjects. Known parameters for 
inflammatory reactions (ie, C Reactive Protein, alpha-1-globulin) 
increased after surgery and returned to normal thereafter, 
representing common reactions to surgery. Subjects with 
persistent multiple altered immunological parameters that might 
underscore an undiagnosed pathological process were not 
considered to be clinically significant. Hyalospine® subjects had 
less fibrosis compared to the control group at 6 and 12 months, 
but this outcome was only significantly different at the earlier 
time point (14% vs. 18%, p = 0.017). All subjects showed clear 
improvements of symptoms after surgery, but there were no 
significant differences in all patient reported outcome measures 
between the Hyalospine® and control groups. In addition, a 
larger percentage of Hyalospine® subjects improved in all 
assessed neurological domains compared to the controls, 
although this was not significantly different (62% vs. 46%, p = 
0.433). 
Conclusion: Hyalospine® is easy to use and showed a good 
safety profile in patients with spinal stenosis or disc herniation 
who underwent laminotomy. No SAEs or device-related safety 
issues arose during the 12-month trial period for subjects treated 
with Hyalospine®. There was a tendency for Hyalospine® 
subjects having less fibrosis throughout the 12-month study 
period; however, a greater number of subjects would be required 
to confirm efficacy. 
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Introduction: Lumbar anterior meningocele (MC) is a 
considerable infrequent event in both patients with or without 
neurofibromatosis type 1 (NF1). Although pathogenesis is not 
fully understood yet, it is assumed that besides congenital 
deformity the constantly pulsing cele stresses the adjacent bony 
structures and might therefore cause osteolysis, instability and 
spondyloptosis. Thus, although anatomical and biomechanical 
reconstitution with maximum possible resection of the cele is 
indicated in these special cases, corresponding reports describing 
operative procedures are still lacking. 
Clinical presentation: We present the case of a female with NF1 
and lower back pain due to lumbar anterior MC and extensive 
osteolysis with deformation of the lumbar spine. After Harrington 
spondylodesis from Th12 to S1 had initially been performed in 
1989, she developed lumbosacral pseudarthrosis and 
transcutaneous migration of the spondylodesis. In order to 
support wound healing, the left pole of the spondylodesis was 
shorted below the level of L5 in 2005. Eight years later, the 
patient presented with progressive lower back pain and wound 
infection. Radiographic imaging revealed the large MC with 
avulsion of the rights S1-screw with lumbosacral pseudarthrosis 
and spondyloptosis (Fig. 1a, 1b, 2a and 2b), which had finally 
induced transcutaneous migration of the right spondylodesis pole. 
Surgery was indicated in three-staged manner, scoping for 
explantation of the inlaying Harrington system in the first and 
posterior fusion from Th10 to S2 in the second step (Fig. 1c). 
Afterwards, extended vertebral resection, gathering of the cele 

and implantation of a customized titanium cage could be 
achieved through an anterior, transabdominal approach in 
collaboration with a vascular surgeon (Fig. 1d and 2c). 
Postoperative, the patient reported sufficient reduction of the 
lower back pain and was discharged to orthopedic rehabilitation. 
Discussion and Conclusion: Lumbar anterior MC is rare in NF1 
and may cause spinal deformation and instability. Surgical 
treatment has not been published yet. If indicated, surgery should 
scope for a long ranged spinal fusion and gathering or resection 
of the cele. Thus, surgery might be challenging requiring a staged 
operative procedure and an interdisciplinary collaboration with 
other surgeons. 
 
Fig. 1 

 
Fig. 1:Comparing sagittal CT-scans from 2008 (a) and 2013 (b) shows hypoplasia 
and progressive lumbar spondyloptosis. After removing the Harrington system, a 
low-profile fixateur was cranially anchored from Th10 to L1 and caudally fixed in 
S1 and 2 on the right and in S1 on the left side (c). After resection of the vertebrae 
L2-L4, a customized, oval and slightly ante-flexed titanium mesh (100x17x22mm) 
was implanted (d). 
 
Fig. 2 

 
Fig. 2: T2-weightend sagittal (a) and transversal (b) MRI reveals grotesque 
hypoplasia and deformity of the lumbar spine and a large anterior MC. Axial CT-
scan after the final operation reveals persistence of the lateral parts of the cele (*) 
after the median parts had been gathered within 
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Introduction: Indications for Minimal Invasive Surgery (MIS) 
have increased over the last years when treating thoracolumbar 
fractures. The technique of percutaneous instrumentation offers 
the advantage of avoiding paravertebral muscle dissection at 
short-term. However, long-term clinical outcome may also be 
influenced by posttraumatic kyphosis correction and global 
sagittal balance of the spine. The purpose of this prospective 
study was to analyze clinical and radiographic results after 
temporary percutaneous instrumentation and selective anterior 
fusion during 2-year follow-up. 
Material and Methods: Fifty-one patients, 21 females, 30 
males, 47 (18-75) years, were instrumented by MIS. The fracture 
types were A2, A3 or B with an anterior column defect. The 
defect level was fused anteriorly. The instrumentation was 
removed percutaneously after one year. Clinical evaluation was 
based on a Visual Analog Scale (VAS) for back pain and the 
Oswestry Disability Index (ODI). The following radiographic 
parameters were measured: sagittal index, regional kyphosis, T4-
T12 kyphosis, L1-S1 lordosis, pelvic incidence, pelvic tilt, sacral 
slope and T9 tilt. Computed Tomography (CT) was used to 
evaluate fusion and facet joints prior to instrumentation removal. 
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Results: The average ODI prior to the accident was 8.9, 35.4 at 6 
weeks, 17.8 at 1 year and 14.4 at 2 years. The average VAS was 
2.0 at 6 weeks, 1.5 at 3 months and slightly decreasing over 2 
years. The average sagittal index was 18.8° preoperatively (8° to 
28°) and 1.0° (-10° to 8°) after 6 weeks (p<0.0001). A loss of 
reduction of 0.5° was measured after 3 months (p=0.052) and a 
loss of 1.1° was noticed after implant removal. Global sagittal 
balance remained unchanged over 2 years. Patients with 
osteopenia had a worse ODI: 24.7 versus 11.9 (p=0.003), and a 
greater loss of correction: 4.9° versus 1.3° (p=0.067). Cages 
filled with cancellous bone seemed to lead to the best 
maintenance of reduction with a homogeneous fusion trough the 
cage. Clear spontaneous facet joint fusions were not observed on 
CT after one year. 
Conclusion: The concept of percutaneous instrumentation and 
selective anterior fusion leads to satisfying clinical results and 
posttraumatic kyphosis may be effectively corrected by 
persuading hyperlordotic rods on the spine. The loss of reduction 
at the anteriorly grafted defect level remains relatively low, thus 
maintaining a global sagittal balance. This principle seems 
interesting in kyphosing unstable fractures: the internal fixator 
can be removed using MIS after consolidation while preserving 
the paravertebral musculature. It remains unclear if implant 
removal should be performed earlier than one year to avoid too 
long muscle atrophy and possible spontaneous facet fusion. The 
efficacy seems to have limitations in elderly osteopenic patients 
where cement augmentation of the fracture could be considered 
as an alternative. 
 
Fig. 1           Fig. 2 
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Introduction: Aim of our study was to evaluate the outcome of 
deformity correction in neuromuscular scoliosis comparing 
hybrid versus total pedicle instrumentation after a minimum 
follow up of two years 
Materials and Methods: A total of 55 patients (31 = hybrid, 24 
= total pedicle screw instrumentation) were matched and 
prospectively investigated regarding preoperative Cobb of the 
main curve, postopertive correction, intraoperative blood loss and 
duration of surgery. 
Reuslts: We could find a significant difference at latest follow up 
regarding correction of the deformity. Correction at latest follow 
up was 41% (30 - 50%) in the hybrd versus 67% (49 - 77°) in the 
totoal pedicle screw instrumentation group. 
Mean blood loss in the hybrid group was 955ml versus 1160ml in 
the total pedicle screw group. (n.s.) 
Mean time of surgery was 8.1 in the pedicle screw group vs 6.7 
in the hybrid group. (p<0.0001). 
Conclusion: We could evaluate a better correction in the total 
pedicle srew group. More pedicle screws can result in more 
potential cancellous bone bleeding compared to lamina hooks.  
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Introduction: The determination of the extent of segmental 
spinal fusion in lumbar degenerative disease is often complicated 
by the fact that the adjacent segment often exhibits low-grade 
pathologies, which do warrant surgical treatment, but are not 
severe enough to indicate spinal fusion. Choosing to treat these 
pathologies with decompression the concern arises that this 
segment would rapidly degenerate because of the multifactorial 
interplay of destabilization, low-grade degeneration and 
unfavorable biomechanical rigidity of the transition from fusion 
to the normal range of motion. The main aim of the study was to 
compare the adjacent segments with regard to signs of 
degeneration after rigid spinal fusion versus spinal fusion topped-
off with an interlaminar implant. 
Materials and Methods: This retrospective matched case 
control study enrolled 41 patients (64 ± 15 years). The 19 control 
patients were treated with mono- or bisegmental spinal fusion, 
while the 22 Coflex-cases received after decompression a 
dynamic, interlaminary Coflex ™ implant in the cranial adjacent 
segment. The follow-up period in both groups was 43 months (2-
89 months Coflex, 8-78 months control). Conventional 
radiographs (anteroposterior, lateral, and functional X-rays) were 
the basis for image analysis with the validated FXA method. The 
range of motion (ROM), the neuroforaminal height, the disc 
space height and lordosis angle of the fused segments, of the 
segments with Coflex ™ interposition and the cranial adjacent 
segment were determined. Statistical analysis comprised of the 
non-parametric Mann Whitney U-test. The significance level was 
p≤0.05. 
Results: The maximum ROM in Coflex-cases showed despite 
decompression a gradual development. The ROM was 0°-1.7° 
(median 0.5°) in the fusion segment, increased to 0.3°-10.7° 
(median 4.5°) in the Coflex-segment and to 0°-12.2° (median 
3.1°) in the segment above. The corresponding ROM in the 
control group was -1°-4.1° (median 0.3°) at the fusion level, and 
substantially increased to 0°-17.7° (median 5.1°) in the adjacent 
segment. The neuroforaminal height of the decompressed and of 
the Coflex-treated segment did not change during the observation 
time. In contrast, the measurement of the segment above the 
Coflex implant showed a postoperative reduction of -0.8 mm. In 
the control group, a significant reduction of -1.5 mm was 
measured. The disc height of the Coflex ™ segment showed an 
increase of 0.3 mm, while that of the segment above decreased by 
0.2 mm. In the control group, the disc height of the adjacent 
segments was reduced by 0.5 mm. The lordosis angle was 
reduced by 2,1° in the Coflex segments and on average by 1,4° in 
the control group. The adjacent segments remain unchanged. 
Conclusions: The study shows that the stability of the adjacent 
segment, which requires decompression at the time of caudally 
performed spinal fusion surgery can be maintained with the 
interposition of an interlaminar implant as “topping-off” strategy 
long-term. The gradual transition of the maximum ranges of 
motion and the physiological load distribution to the ventral 
aspects of the spine seem to be able to reduce the development of 
adjacent segment disease and hence the need for surgical 
procedures. 
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Introduction: The evaluation of the vertebral, local and 
segmental kyphosis according to Cobb is usual in determination 
of traumatic, idiopathic and degenerative spinal deformities. The 
present study compares the Inter- and Intraobserver reliability of 
these 3 angles in the lateral x-ray of lumbar spine fractures with 
spinal kyphosis. 
Methode: All patients between 1999 and 2007 with traumatic 
fracture of the lumbar spine, operative procedure, kyphotic 
deformity, age<50 years and adequate x-rays were included. The 
vertebral, segmental and local kyphosis were evaluated by 3 
independent observers at 2 times in the lateral x-ray. Due to 
evaluation of constant parameters, the Intraclass-Correlation-
Coefficient (ICC) was attempted. 
Results: 88 patients, 34 females and 54 males could be defined. 
The mean age was 34 years. In all patients an adequate trauma 
leads to the fracture. Most common injury mechanism was a 
falling down from more than 3 meters. The 1st lumbar vertebra 
was the most commonly affected one. Inter- und Intraobserver 
reliabilities for the vertebral (Ø-ICC: 0.6607 and Ø-ICC: 0.6979) 
and local (Ø-ICC: 0.7778 and Ø-ICC: 0.7642) kyphosis showed 
“good“, for the segmental kyphosis (Ø-ICC: 0.8129 and Ø-ICC: 
0.8103) “excellent“ results. 
Conclusion: Due to “excellent” and “good” results for Inter- and 
Intraobserver reliability of the segmental, vertebral and local 
kyphosis in the lateral x-ray of the lumbar spine, these angles 
could be a helpful tool, indicating surgical procedures in 
traumatic lumbar fractures with kyphosis. 
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Introduction: Lumbar fusion has become in the last years a 
standard procedure for the treatment of degenerative spinal 
disorders. The changes of load distribution not only at the 
instrumented segment but also at the adjacent segments, causes 
adjacent segment degeneration (ASD). Several studies have 
examined the factors that may cause adjacent segment 
degeneration, however few have describe the management of this 
condition once it develops. In spite of novel prevention 
treatments for ASD such as dynamic stabilization systems, it is 
still in some cases an extension of the existing fusion construct 
unavoidable. The aim of this study it is to compare existing rod 
extensions used in revision surgeries regarding their 
biomechanical strength, needed removal of bony surfaces, 
construct stability and surgical method among others. 
Method: Literature review and biomechanical testing. Static 
axial tension tests and cycling tension tests were conducted 
according to the ASTM F 1798 of different rod connectors and 
were compared against polyaxial screws as reference. Four point 
bending tests were executed for the Domino Connector and 
compared against Rods benchmark tests conforming to ASTM 
2193. Fatigue compression bending tests were also performed as 

stated in the ASTM F 1717-04 in order to compare the failure of 
the screws in fusion constructs with and without rod connector.  
Results: All tested connectors presented a higher gripping 
capacity than the reference polyaxial screws. The fatigue bending 
tests showed that by the use of an Inline Rod Connector the 
screws failed at 2000 cycles and without inline rode connector 
failed at 50000 cycles by the same load range of 260 N. In the 
cycling fatigue tension tests the Revision Connector Cap failed 
the implant due to slipping of the rod at 2000 cycles by a load 
range of 2160 and an experiment Run-out took place by a load 
range of 1260N. Removal of bony surfaces, construct stability 
together with other important aspects were also considered in this 
report. 
Conclusion: From the several aspects analysed in this report it 
can be concluded that from the biomechanical point of view there 
are several connectors that may fulfil the required biomechanical 
stability as rod extensions. However other very important aspects 
such as the possibility of extending a fusion construct without 
removing the existent one and without removing bony surfaces, 
as well as reducing operation time and costs are not a common 
characteristic of the available rod connectors in the market. For 
this reason we concluded that the Revision Connector Cap was 
the best option in our study. 
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Abstract, Study design: This is a a prospective study to 
investigate the clinical and radiological results 10 years after 
percutaneous balloon kyphoplasty and cement augmentation with 
Calcium Phosphate Cement (CPC) in traumatic vertebral 
fractures type A. 
Objectives: Evaluation of a 10 year follow up with radiological 
and computed tomography results, calculated by 2 independent 
radiologists, VAS, Roland Morris score, ODI score and Denis 
work scale and clinical examination in patients with traumatic 
compression fractures type A, who were treated with a balloon 
kyphoplasty with CPC (Calcibonᵀᴹ from Biomet). 
Methods: In this study we evaluated 21 patients (8 female and 13 
male) clinically and radiologically 10 years postoperative and 
compared them with the same group of 28 patients we operated 
between August 2002 and August 2003 for traumatic vertebral 
fractures type A with balloon kyphoplasty and CPC. Over the 10 
years7 patients were lost to follow up. 3 of them were not 
clinically impaired but didn’t want to participate in the study and 
4 patientswere untraceable. All 21 patients underwent standard 
X-ray (standing) and a CT. We measured the volume of the 
cement, the resorption the last 10 years and the disc height in the 
CT and the segmental and vertebral kyphosis angle in the X ray 
and compared them with the X-ray (standing) and CT done 
directly postoperatively. To assess the pain level we used the 
VAS, ODI score, Roland Morris score and the Denis work scale 
and compared them with the same scores we recorded in the past. 
Results: The VAS score demonstrated an increase over time 
from a mean of 1 (0-5) at the 2 year follow up to 2.3 (0-8) at the 
10 years follow up. The Roland Morris disability score also 
increased over time from 2 (0-8) 2 years postoperative to a mean 
of 3.6 (0-18) at the 10 years follow up. We recognized no 
complications and no reoperations were necessary. 
We recognized an increase of the median value for the vertebral 
kyphosis angle about 1° (0° - 4°). (p < 0.0001). The median value 
of the disc height diminution over the 10 years was 0.7 mm (0 - 
3.9). (p < 0.0001).For the anterior wall of the fractured VB the 
decrease of the median value was about 1 mm (0-3)(p < 
0.0001)and for the posterior wall it was 0 mm (0-2)(p < 0.0039). 
So the Beck Index decreased from 0.80 (0.65 - 0.97) to 0.77 (0.62 
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- 0.97) at the 10 year follow up which means a decrease of the 
median value of 0.03 (0 - 0.07).(p < 0.0039).We noticed a 
median value for the cement volume of 4.2 cc (2.0-8.6) 
postoperative and at the 10 year follow up of 3.2 cc (1.3-7.8) 
which means a resorption of the cement volume about 22.9 % 
(0.8 % - 55.5%).(p < 0.0001). 
Conclusions: In our 10 year follow up we didn’t recognize any 
high loss of correction of the vertebral and segmental kyphosis 
angle. We also did not recognize a high diminution of the disc 
height without degeneration of the disc over the last 10 years. 
There was a partial resorption of the cement but not as much as 
we expected with variable bone formation. In summary the long 
follow up about 10 years of kyphoplasty show us very good 
clinical and radiological results and in our opinion we consider 
this to be a treatment option for traumatic selected vertebral type 
A fractures also in young patients. 
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A risk factor analysis for the occurrence of wound healing 
complications after Posterior Lumbar Interbody Fusion 
*G. Schindler1, A. Carolus1, M. Barth1, K. Schmieder1, 
C. Brenke1 

1Neurochirurgishe Klinik Universitätsklinik, Neurochirurgie, 
Bochum 
 
Introduction: Wound healing complications (WHC) requiring 
surgical wound revision after Posterior Lumbar Interbody Fusion 
(PLIF) increase patient morbidity and prolong in-hospital stay. 
Specific standards for perioperative management with respect to 
WHC have not been clearly defined. This consecutive case series 
aims at identifying predisposing factors, which impair wound 
healing and help ascertain at-risk patients. 
Material/Methods: Within a 9-month period data of 50 
consecutive patients treated for degenerative spinal disease with 
mono- or more segmental PLIF procedure were recorded. Pre- 
intra- and postoperative parameters documented included; 
smoking, diabetes, body mass index (BMI), intraoperative dura 
injury incidence, operation-time, subcutaneous fat tissue 
thickness, age, gender, previous lumbar operations, American 
Society of Anesthesiologists (ASA) score, anticoagulants and 
serologic variables. As specified by our group size, five 
parameters served as covariates for entry into a binary logistic 
regression analysis. Selection of the first five aforementioned 
parameters was in accordance to current literature findings on 
influential factors for WHC. 
Results: Our population comprised of 11 male (22%) and 39 
female (78%) patients, aged between 37 and 82 years (mean 
63,26 ± 12,7 years). Wound healing disorders occurred in 10 
patients (20%). The binary logistic regression analysis for the 
above-mentioned covariates showed that smoking increased the 
risk of developing WHC by 7.5 (P< 0,05, 95%-confidence 
interval: 1.1-46.5). Further, a unit rise in BMI increased the 
probability of encountering WHC by 1.23 (P< 0,05 95%-
confidence interval: 1.2-1.4). 
Conclusion: Our data depicts that the risk of encountering WHC 
rises with smoking and increasing BMI, the former being more 
influential. However, to allow substantial risk factor prediction 
and management recommendations a large-scale prospective 
cohort study has to be undertaking which corporates alimentary 
and molecular aspects of wound healing. 
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Effects of the surgeon’s experience on complication rates and 
health-related quality of life after surgery for lumbar disc 
herniation 
M. Stienen1, N. Smoll2, G. Hildebrandt1, K. Schaller2, 
*O. Gautschi2 

1Kantonsspital St.Gallen, Klinik für Neurochirurgie, St.Gallen, 
Schweiz, 2Universitätsklinik Genf, Klinik für Neurochirurgie, 
Genève, Schweiz  

Introduction: It is a well-established dogma that many surgeons 
do not reach a quintessential level of their technical operative 
skills until successful completion of their training program. The 
aim of this study was to test the hypothesis that complication 
rates and postoperative changes in health-related quality of life 
(HrQOL) are similar when performed by less experienced 
resident surgeons compared to that of more experienced 
consultant surgeons. 
Material/Methods: A prospective study on 102 patients 
undergoing surgery for lumbar disc herniation (LDH) was 
performed. The surgeon’s level of experience was dichotomised 
into two groups: residents and consultants. Baseline pain levels 
(VAS) and health-related quality of life (HrQOL; 12-Item short-
form health survey (SF-12)) were measured at 4 weeks and as a 
survey at 1 year postoperatively. In addition, data concerning the 
operation and the postoperative course including common 
complications were assessed. 
Results: Patients of both groups achieved equal results in terms 
of pain reduction after 4 weeks (mean VAS change -3.8 
(residents) vs. -3.1 (consultants), p=0.25) and 1 year 
postoperatively (mean change in VAS -3.5 (residents) vs. -3.37 
(consultants), p=0.84). Furthermore, intraoperative blood loss, 
length of surgery, as well as intra- and postoperative 
complications were similar between the study groups. Residents 
were 100% (odds ratio of 1.00) as likely as consultants to achieve 
a favourable HrQOL response to surgery (p=0.99). 
Conclusion: If professionally instructed by dedicated senior 
surgeons, surgically less experienced residents can provide an 
equally high quality of patient care with similar postoperative 
results after LDH surgery. 
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Destruction of the Condyle does not necessarily result in 
clinically evident craniocervical instability 
*E. Shiban1, E. Török1, S. Krieg1, B. Meyer1, J. Lehmberg1 

1Technische Universität München, Neurochirurgie, München 
 
Background: After resection of more than 70% of the condyle, 
occipitocervical fusion (OCF) is recommended. However, it is 
unclear if chronic destruction of the condyle due to tumour 
growth results in clinically evident craniovertebral junction 
(CVJ) instability. We reviewed cases with condyle 
resection/destruction with regard to necessity of OCF. 
Methods: A retrospective analysis from 2007 till 2012 reviewed 
the cases of 19 consecutive patients in whom a far lateral 
approach with condyle resection of various extents was 
performed. There were 9 male and 10 female patients with a 
median age of 61 (range 22- 83). The extent of condyle resection 
was 25% or less in 15 cases, 50 % in 1 case, and > 70% in 3 
further cases. OCF was not performed in any of the cases. 
Results: With condyle resection of 50% or less all patients 
neither received a collar postoperatively nor developed neck pain. 
The 3 patients with condyle resection of > 70% received a rigid 
collar for a period of 3 months postoperatively and remained free 
of pain after this period. At last follow-up all 3 cases showed no 
clear instability of the CVJ on flexion-extension radiographs nor 
did they develop significant neck pain or signs of brainstem 
compression. 
Conclusion: Mandatory OCF following removal of ≥ 70% of the 
condyle during the far lateral approach should be discussed once 
more. More evidence is needed to make a definite 
recommendation regarding obligatory OCF following ≥ 70% 
condyle resection. 
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Remind of a technique in neurosurgical practice: Posterior 
foraminotomy in patients with single and double level 
cervical radiculopathy 
*H.-H. Capelle1, S. Babacan1, S. Henne1, T. Riegel1, J. Rohlfs1, 
V. Urban1 

1Gemeinschaftspraxis für Neurochirurgie, Seligenstadt 
  
Introduction: Posterior foraminotomy is a neurosurgical 
technique for treatment of cervical radiculopathy by lateral soft 
disc herniation or unilateral foraminal stenosis with 
radiculopathy. Over the years treatment paradigms changed in 
terms of applying the anterior approach to induce coincidental 
fusion of the operated segment. The fear of adjacent level disease 
again shift paradigms towards to non-fusion techniques 
(arthroplasty) and to posterior approaches. The main advantage 
of this technique is the preservation of stability and mobility, the 
limitation is the removal of compressive structures anterior to the 
spinal cord and the nerve root. Especially in neurosurgical 
practice, there seems to be still a reasonable indication for this 
procedure of posterior foraminotomy. 
Material and Methods: Over a period of eight years 187 
patients (98 m/89 f) underwent single (n=152) or double (n=35) 
level one-sided posterior foraminotomy for radiculopathy due to 
disc herniation or unilateral foraminal stenosis. All procedures 
were done by the senior author. Follow-ups were performed 6 
weeks and 3 months postoperatively including pain assessment 
by the visual analogue scale and neurological examination. 
Results: 151 patients were available for follow-up at six weeks 
and three months postoperatively. Of these patients 21 underwent 
double level posterior foraminotomy. 13 patients underwent 
posterior foraminotomy due to persistent foraminal stenosis after 
ventral discectomy. 15 patients underwent anterior discectomy 
with fusion due to developing degenerative disease of the 
segment with osteophytes or medial disc herniation with spinal 
stenosis. Complications included wound seroma or infection in 7 
patients but without the need of surgical revision. One patient 
with a bacterial infection of the wound with superficial abcess 
formation underwent surgical revision. There was no 
neurological deterioration postoperatively of after three months 
of follow-up but in one patient with postoperative neurological 
deficit due to damage to the nerve root. Most of the patients 
(n=136) received good to very good improvement according to 
the visual analogue scale (VAS). Overall, the mean VAS score 
was at 7 preoperatively and changed to 2 at six weeks and to a 
mean score of 3 at three months follow-up. The mean duration of 
the procedure was approximately 65 minutes. 
Conclusions: Posterior foraminotomy is a reasonable procedure 
for cervical disc herniation or unilateral foraminal stenosis with 
radiculopathy in terms of outcome, patients´ satisfactory, 
complications and time effort. It should be kept in the portfolio of 
neurosurgical procedures. 
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Challenges in Pediatric Spine Surgery: Surgical Management 
of Dens Aplasia and Craniocervical Instability in a six-
months-old Child - A Case Report 
*R. Krishnan1, J. Mochert1, M. Schumacher 1 

1Sheikh Khalifa Medical City, Neurosurgery, Abu Dhabi, 
Vereinigte Arabische Emirate  
 
Introduction: We report a case of a 6-months-old boy who 
presented to our hospital with progressive paraparesis and 
breathing disorder due to aplasia of the dens caused by a form of 
Morquio syndrome with instability of the craniocervical junction 
due to aplasia of the dens. 
Material/Methods: The patient is a full-term firstborn of first 
degree cousins. At six months age he was readmitted with altered 
level of consciousness and convulsions. He was intubated. CT 
scan and LP were unremarkable. After repeated extubation 

failures a tracheostomy was done. Clinically he featured central 
hypotonia with poor head control, clonus of lower limbs and 
inability to roll over. No dysmorphic features. No organomegaly. 
MRI showed anomaly of C1 and C2 with hypoplastic atlas and 
axis, displacement of C1 and C2 posteriorly with atlantoaxial 
subluxation causing compression of the cord and subsequent 
myelomalacia (Fig. 1) and CSF circulation disorder with bilateral 
hygroma. Immobilization with a custom SOMI brace was done 
and the boy was taken to surgery. Rib grafting with non 
resorbable sutures and fusion of occiput to C2 was done with 
intraoperative 3D imaging (O-Arm). The further course was 
complicated after graft dislocation due to immobilization failure 
on the 18th postoperative day. Revision surgery was done for him 
with additional rib graft interposition and fusion of C0 to C3, 
further resection of the ring of C1 and decompression. 
Postoperative immobilization was done with improved custom 
brace but failed again due to severe pressure sores on the head 
and neck with super-infection. Daily wound care including 
surgical debridement and VAC of the deep skin lesions was done 
by an interdisciplinary team for 8 weeks. After healing of the 
skin lesions, sedation was stopped and the boy was slowly 
weaned from ventilation and mobilized in a soft collar. 
Results: The patients neurological deficits slowly recovered and 
the postoperative images showed a good correction of the 
craniocervical alignment and improvement of the CSF circulation 
disorder. Follow up six months after the surgery showed good 
clinical and radiological results. (Figure 2). 
Conclusion: The unstable craniocervical junction of the 
immature and dysplastic spine in the very young is a challenging 
situation. In this case surgery was indicated for the progressive 
neurological deterioration to decompress and stabilize the 
craniocervical junction. The severe complications in this case due 
to failure of postoperative immobilization were only manageable 
with a multidisciplinary team. To our knowledge this is the first 
technical report giving detailed information about the operative 
approach to the dysmorphic and immature craniocervical junction 
and the management of postoperative complications due to 
failure of immobilization, which is a challenge in these toddlers. 
 
Fig. 1 

 
 
Fig. 2 
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A late post-traumatic complication with myelopathy and an 
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*A.-K. Bruns1, T. Zoubi2, W. Schwindt2, W. Stummer1, 
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Münster, 2Universitätsklinikum Münster, Klinische Radiologie, 
Münster 
 
Introduction: We present a case of a 65- year-old male suffering 
from progressive ataxia, spastic tetraparesis and neuropathic pain 
since 2005. In 1968 our patient had sustained cervical injury with 
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a fracture of the dens axis and a left sided hemiparesis with a 
complete symptomatic restitution after 6 months. MRI showed a 
cervical myelopathy, proceeding in the subsequent examinations. 
The progressive myelopathy was misinterpreted as a result of 
adhesive changes during years, missing the underlying, treatable 
pathology. 
Methods: To rule out late posttraumatic disturbances of the flow 
of the cerebro-spinal fluid we performed a conventional 1.5 T 
MRI of the cervical spine with additional cine sequencesand 
cardiac-gated 4D phase contrast imaging. Conventional 
radiography in hyperflexion and hyperextension was added to 
exclude an instability of the spine. We eventually performed 
surgery. Follow-up MRI with flow-sensitive sequences was 
performed after 6 weeks and 6 months. 
Results: A broad cervical myelopathy from C1 to C3 was shown 
with changes suspicious of a ventral adhesion of the spinal cord. 
The flow-sensitive 4D phase contrast MRI and especially the 
cine-sequences revealed a dorsal cystic formation with pulsatile 
filling and compression of the spinal cord. The flow velocity was 
increased with flow disturbances on the level of the dens axis. 
This diagnosis could be confirmed during surgery, showing a 
large arachnoidal cyst with only a small connection to the lower 
and a greater to the upper spinal canal. The cyst was resected to 
the greatest possible extent. We additionally accomplished a 
decompression of the craniocervical junction with dural grafting. 
After 6 weeks our patient showed a regression of symptoms and a 
significant reduction of the myelopathic signal was detected. 
After 6 months symptoms were still in slow regression. MRI 
showed a syrinx, probably due to the decompressive effect of the 
treatment. 
Conclusion: Post-traumatic complications of the cervical spine 
include adhesive changes, postural deformities, instability of the 
spine and premature degeneration. Arachnoidal cysts can also 
represent post-traumatic changes, although an onset of symptoms 
more than 30 years after the trauma is exceptional. In this case 
the repetitive compression of the spinal cord for years was causal 
for the slowly proceeding impairment of the spinal cord. A 
similar pathomechanism has been described in a few cases, 
leading to a fast neurological deterioration. In contrast, our 
patient probably suffered a well compensated light repetitive 
compression of the spinal cord over years with rapid 
decompensation in 2005 for unclear reasons. 
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Fixation of C2 fractures by mini-plate osteosynthesis via an 
anterior approach: an alternative op-tion to a posterior 
instrumentation 
*A. Franke1, T. Trotzke1, D. Bieler1, S. Hentsch1, M. Johann1, 
E. Kollig1 

1Bundeswehrzentralkrankenhaus Koblenz, Klinik für Orthopädie, 
Unfall- und Wiederherstellungschirurgie, Koblenz 
  
Background: Non-stable fractures of the second cervical 
vertebrae (classification Anderson II /III) especially with an 
ascending direction and Effendi II fractures were normally 
treated by a fusion of C1 / C2 with two trans articular screws 
from anterior (Apfelbaum) or from posterior by the 
Magerl/Gallie procedure. Alternatively a transpedicular fixateur 
interne C1 / C2 can be introduced. Compared to the anterior 
incision, from our point of view, the back-sided surgical 
approach is more traumatizing and associated with a higher 
comorbidity. In the literature the positioning of an anterior plate 
is described for the fixation of an ascending odontoid fracture 
(Anderson II / III) with screws. Theoretically the isolated fixation 
of C2 fractures by an anterior mini-plates is of advantage because 
this procedure is less traumatizing and not compromising 
rotational movement due to the lack of the trans articular locking 
C1 / C2. 
Material/Methods: To test this hypothesis we treated 9 patients 
with C2 fractures by an anterior mini-plate fixation (Medartis 

hand 2.3mm). We performed a minimal invasive, submental 
approach, which is not in detail described in the literature for this 
procedure. Retrospectively we reassessed reports of the surgery, 
patient records and CT-scans from the postoperative clinical 
course until consolidation was achieved and immobilization with 
a Miami-J-collar could be discontinued. 
Results: In our institution n=89 relevant traumatic lesions of the 
cervical spine were treated from 01/2009 to 06/2013. In 24 cases 
an immobilization with a Miami-J-Collar was sufficient. In 65 
patients an opera-tive procedure was performed to fix a fracture 
or posttraumatic instability. In this group, 37 cases represent a 
traumatic lesion including the segment C1 / C2. In 9 patients we 
performed an anterior mini-plate osteosynthesis for retention and 
fixation of the C2 fracture. 6 of these fractures could be classified 
as Anderson III fractures including the vertebral body and / or the 
massa lateralis of C2, whereas in 3 cases an Effendi II fracture 
was documented. All patients had an uncomplicated 
postoperative clinical course. Fracture consolidation could be 
achieved without any additional surgical intervention. 
Conclusion: The fixation of non-stable fractures of C2 by mini-
plate osteosynthesis could extend surgical op-tions for an isolated 
minimal invasive anterior approach. The type of fractures for this 
procedure should be chosen carefully and decision making have 
to weigh up pro?s and con?s of an anterior or posterior 
procedure. Since the movement between C1 and C2 is not 
compromised postoperatively and the submental minimal 
invasive approach is less traumatizing then a posterior fusion of 
C1 / C2, we propose to include isolated mini-plate osteosynthesis 
of C2 as an option into surgical decision making for the treatment 
of non-stable fractures of C2. 
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Preoperative set-up, clinical and radiological results after 
cervical vertebral body replacement with an anterior 
distraction device plus in patients with multilevel cervical 
spinal stenosis and cervical myelopathy 
*C. Lindner1, J. Gerber2, G. Schackert1, M. Leimert1 

1Uniklinikum Dresden, Neurochirurgie, Dresden, 
2Universitätsklinikum Dresden, Abteilung Neuroradiologie, 
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Objective: The management of multilevel cervical spinal 
stenosis combined with cervical myelopathy is still a 
controversial area in spine surgery. We present the preoperative 
set-up, long term follow up, including new CT scans and the 
neurological status of 30 consecutive patients.  
Material/Methods: We retrospectively reviewed the charts, 
patients records, MRI-, CT- and X-ray scans, operative reports 
and clinical notes of our patients with cervical myelopathy 
caused by multilevel cervical spinal stenosis treated in the 
described manner between 2008 and 2011, obtained the late 
follow up with a clinical questionnaire and neurological 
examination (VAS, European myelopathy score (EMS), Neck 
Disability Index (NDI) ) and carried out new CT scans and/or X-
ray of the cervical spine.  
Results: The median age of our group (21 male, 9 female) was 
62 years (range 34-78). The most frequent symptoms were gait 
dysfunction (86%), increased muscular reflexes (74.5 %), 
pathological reflexes (62 %) and pain (61.4 %). All patients 
underwent cervical corpectomy with an anterior distraction 
device plus, 15 patients single-level corpectomy, 15 patients two 
level corpectomy. The median follow-up time was 18 months 
(range 3-35). 4 patients (13.3 %) with a new C5 palsy recovered 
after 6 months completely. Complete bony fusion was achieved 
in all patients. All scores showed a significant improvement 
postoperatively (median VAS changed from 7 to 4, median EMS 
from 11 to 15, median NDI from 3 to 2).  
Conclusion: Cervical corpectomy is a safe procedure with very 
good clinical and functional results. Although patients are 
thought to achieve resolution of symptoms without surgical 



Eur Spine J (2013) 22:2582–2669 2659

123

intervention, this data have provided evidence, that surgical 
intervention may improve clinical disability. 
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Clinical and radiological outcome following one and two level 
anterior cervical discectomy and fusion with stand-alone 
empty PEEK Cages 
*E. Shiban1, K. Kapon1, B. Meyer1, J. Lehmberg1 

1Technische Universität München, Neurochirurgie, München 
 
Objective: To evaluate long term results after one and two level 
anterior cervical discectomy and fusion (ACDF) with stand-alone 
Empty PEEK cages 
Methods: We performed a retrospective review of a consecutive 
patient cohort that underwent ACDF with stand-alone empty 
PEEK cages between 2007 and 2010 with a minimum of 12 
Months. Radiographic follow-up included static and 
flexion/extension radiographs. Changes in the operated segments 
were measured and compared to radiographs directly after 
surgery. Clinical outcome was evaluated by a physical exam, 
pain VAS and the EuroQOL questionnaire (EQ-5D).  
Results: From 359 consecutive cases, 49 were foreigners and 11 
were dead due to surgery unrelated reasons. 
Follow up data was obtained from 256 out of 299 eligible 
patients (86%). The mean age at presentation was 55 years, 131 
patients were male (51%). 137 and 119 patients had one- two-
level surgeries, respectively. 125 (48%) presented with 
spondylotic cervical myelopathy and 131 (52%) with cervical 
radiculopathy. Fusion was achieved in 97% and 95% levels in 
one- and two-level surgeries, respectively.The alignment of the 
whole cervical spine worsened in 24 (18%) and 26 (22%) in one 
and two level surgeries, respectively (according to the Katsuura 
and Laing methods). Follow up operations for symptomatic 
adjacent disc disease or implant failure at index level were 
needed in 10 (4%) and 3 (1%) cases, respectively. Mean VAS 
declined from 6,7 to 2,2. Improvement or stability was observed 
in all dimensions of the EQ-5D. 
Conclusions: One and two level ACDF with stand-alone empty 
PEEK cages achieved very high fusion rates, low rate of follow 
up operations. The rate of clinical Outcome is highly satisfactory. 
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C1-C2-instrumentation according to Goel in case of entry 
points covered by the Vertebral Artery 
*J. Drumm1, E. Salman1, M. Ruf1, T. Pitzen1 

1SRH-Klinikum Karlsbad, ZWOT, Karlsbad 
  
Introduction: A large number of anatomical variations of the 
vertebral artery is reported. (1,2). In case of rheumatoid arthritis 
the incidence is even 4 times higher. (3). The anatomical 
variation must be known to reduce the risk of injury doing 
instrumentation of the upper cervical spine. This is a case report 
about an anatomical variation of the vertebral artery on the level 
of C1-C2 which we fused using the technique first described by 
Goel (4). 
Material/Methods: 71-years old female patient, with neck pain 
and pain of dermatoma C2 for years. X-ray shows an arthrosis of 
the C1-C2-joint on the right side and a fluid-signal in MRI. Local 
anesthesia of this joint was successfully due to we decided for a 
stabilization of C1-C2 according to Goel. Preoperative CT with 
reconstructions was performed. 
Results: In this case the verterbral artery grooves under the atlas 
(Figure 1). The entry points for the massa screws of C1 could be 
prepared using cotton pledgets. The vertebral artery was 
mobilized low to the entry point, without damaging. 
Conclusion: Even in case of a vertebral artery extended under 
the arc of the atlas covering the entry point of the lateral mass 
screw of C1, the instrumentation of C1/C2 according to Goel 
could be an option if fixation is necessary (Figure 2). 

1: Madawi AA, Solanki G, Casey ATH, Crockard HA: Variation 
of the groove in the axis vertebra fort he vertebral artery; J Bone 
Joint Surg [Br] 1997; 79-B; 820-3 
2: Ebraheim NA, Xu R, Ahmad M, Heck B: The quantitative 
anatomy of the vertebral artery groove of the atlas and its relation 
to the posterior atlantoaxial approach; Spine 1998; 23; 320-323 
3: Miayata M, Neo M, Ito H, Yoshida M, Miyaki K, Fujibayashi 
S, Nakayama T, Nakamura T: Is rheumatoid arthritis a risk factor 
for a high-riding vertebral artery?; Spine 2008; 33; 2007-11 
4: Goel A, Laheri VK: Plate and screw fixation for atlanto-axial 
dislocation [technical report]. Acta Neurochir (Wien) 1994; 129; 
47-53 
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cervical spine fracture of the middle and lower cervical spine 
over 5 years - Surgical treatment, neurological and 
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Introduction: The cervical spine is the most vulnerable part of 
the human spinal column. It can be affected by a variety of 
trauma mechanisms, while falls in the elderly and motor-vehicle 
accidents in younger patients are the most common causes. The 
aim of this retrospective study was to examine the primary 
mechanisms of injury, the surgical treatment strategies and 
neurological and radiographic outcome (in particular regarding 
the adjacent levels) after traumatic fractures of the middle and 
lower cervical spine. 
Material and Methods: 62 of 88 (70%, mean age=36,6 years) 
patients with traumatic cervical spine fracture (C3-Th1, 
classification by Aebi and Magerl) treated operatively were 
examined clinically (VAS, ASIA, Frankel Score, Sickness 
Impact Profile Score, active and passive movement compared to 
normal population with the method by Dvorak) and X-Ray (ap, 
lateral and flexion / extension) regarding bone union and stability 
after 13 - 60 months (mean=38,4). The “Single Segment 
Mobility” was determined with the method by Penning. 
Results: 81 of 88 patients (92%) underwent anterior stabilization 
after discectomy and reduction using tricortical iliac bone graft 
and non-angular stable plates only.9 patients (10%) received an 
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(additional) dorsal procedure. All cases showed good 
osteosynthesis, no pseudarthrosis, no screw dislocation. There 
was one case with fusion in subluxation, 5 patients (5,7%) with a 
lesion of the laryngeal nerve, one case (1,3%) with a 
postoperative bleeding complication and 2 cases (2,3%) with 
postoperative wound infection who were reoperated. Comparing 
with the preoperative X-Ray and CT-scans 28 of 62 patients 
(45%) had new degenerative changes, e.g. 2 patients (3,2%) with 
a complete fusion of the adjacent level, 18 patients (29%) with 
ossification of the anterior or posterior longitudinal ligament. 
Only 19 patients (30,6%) had no changes compared to the 
preoperative state. In 55 of 88 patients (62,5%) a complete 
neurological follow up was possible, in 28 patients (51%) we saw 
an improvement of Frankel Score and SCIC. Severe neurological 
deficits (Frankel A-C) never resolved 
completely, but in case of early operation an improvement from 
Frankel A to C/D was possible in 2 cases (3,6%, graph 1). 
Conclusion: Anterior Stabilization with discectomy, correct 
reduction and stabilization with tricortical iliac bone graft and 
non-angular plates leads to good stability. In certain cases an 
additional dorsal procedure is required. Traumatic fractures of the 
cervical spine with neurological deficits are emergency cases and 
should be treated immediately, since 60% of the patients with 
neurological symptoms showed an improvement. After anterior 
stabilization we saw a significant clinical und radiographic 
reduction of the mobility of the cervical spine, above all in 
flexion / extension. Even in the adjacent level we could prove a 
significant reduction of the mobility after fusion, contrary to the 
situation in degenerative cervical spine surgery. 
 
Fig. 1 
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Introduction: Professional musicians are affected by playing-
related musculoskeletal disorders (PRMD) in up to 80%, 
nevertheless data regarding the frequency of craniomandibular 
dysfunction (CMD) in professional orchestra musicians is scarce. 
Aims of this study were to evaluate the frequency of CMD and 
their relation to musculoskeletal pain in various body regions. 
Methods: Professional orchestra players completed a 
questionnaire assessing CMD symptoms and musculoskeletal 
pain. Relative frequencies and prevalence ratios for different 
instrument groups were estimated. 

Results: 408 orchestra musicians were included, 30% musicians 
indicated pain within the teeth/jaw and 26 % in the 
temporomandibular joint. Trumpet players showed an 8 times 
higher chance to experience orofacial pain within the past month. 
Violinists, flutists, oboe players, trombone/tuba players as well as 
percussionists displayed elevated prevalence ratios between 3.94 
and 5.45. Females were 2.72-fold more likely to have orofacial 
pain within the last month. 73% of musicians indicated pain in 
the neck. Pain in the left or right shoulder, the left wrist, and the 
lumbar spine were reported between 50 to 55%. Musicians with 
orofacial pain within the last month demonstrated 3 times more 
frequent pain in the neck and the left wrist and even 4 times more 
frequent pain in the left fingers within the last 3 months. 
Conclusion: CMD are a frequent problem of professional 
orchestra musicians and contribute to pain in the neck and the 
hand. Musicians should be screened for CMD in order to 
optimize medical treatment of PRMD. 
 
P 117 
Intramedullary lesions of the craniocervical junction 
*J. Gempt1, M. Wostrack1, T. Obermüller1, Y.-M. Ryang1, 
S. Hüttinger1, E. Török1, F. Ringel1, B. Meyer1 

1Klinikum rechts der Isar, Technische Universität München, 
Neurochirurgische Klinik und Poliklinik, München 
 
Objective: Lesions of the craniocervical junction are 
predominantly benign lesions which despite their benignity can 
cause severe neurological deficits due to their space occupying 
effect in this highly eloquent region which may also contribute to 
resection associated neurological deficits. Therefore the resection 
of intramedullary lesions of the craniocervical junction pose a 
surgical challenge. Published data on this topic are mostly limited 
to extramedullary or extradural lesions of the craniocervical 
junction. 
Methods: Clinical records were reviewed retrospectively for 
patients who underwent resection of intramedullary lesions of the 
craniocervical junction between October 2006 and March 2012. 
Lesion entities, extent of resection, pre- and postoperative 
neurological deficits, Karnofsky performance status scale, lesion 
location, type of approach and need for pre- or postoperative 
tracheotomy were assessed. 
Results: 12 patients were identified. Mean patient age was 51 
years (27 to 82 years, 10 male, 2 female)). 6 ependymomas, 3 
hemangioblastomas and 3 cavernomas were resected. 5 lesions 
were located below the foramen magnum, 4 lesions above and 
below and 3 lesions above. For the lesions above the foramen 
magnum a suboccipital approach was conducted (2 median, 1 
lateral), lesions below the foramen magnum were resected via 
laminectomy/laminoplasty except for one patient who received a 
suboccipital craniotomy and resection of ischemic cerebellar 
tissue due to a preoperative infarction. Among the 4 ptients with 
lesion location above and below the foramen magnum 3 
underwent a combined approach with suboccipital craniotomy 
and laminectomy, 1 patient received a C1- and partial C2-
laminectomy. All patients except one received intraoperative 
neurophysiological monitoring. All patients (100%) showed 
preoperative neurological symptoms. 17% (2 patients) improved 
after surgery, 58% (7 patients) were unchanged, 25% (3 patients) 
experienced a postoperative worsening of neurological functions. 
1 of these patients recovered fully, 2 partially. The mean follow 
up time was 20 months (0.5 to 60 month). Mean preoperative 
Karnofsky performance status scale was 85% (50% to 100%) 
compared to postoperative Karnofsky performance status scale of 
83% (50% to 100%). Only one patient underwent tracheotomy 6 
days postoperatively while suffering from pneumonia and severe 
swallowing disturbances (already preoperatively). In 10 patients 
a complete resection was possible, in the remaining 2 patients the 
extent of resection was > 90%. 
Conclusion: Intramedullary lesions of the craniocervical junction 
are resectable with a reasonable surgical risk. Temporary 
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tracheotomy might be necessary particularly in patients with 
preoperative swallowing disturbances. Dorsal instrumentation is 
not necessary to treat intramedullary lesions of the craniocervical 
junction. 
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Introduction: Pediatric spine tumors are usually primary spine 
tumors and occur extremly rare. Thus, there is little knowledge 
and experience about incidence and type and especially 
management of complications. Here, we report on our 10 years- 
experience concerning complications and management of 
complications within in a pediatric spine population. 
Methods: Retrospective study. 29 patients, treated between 
January 2002 and December 2012, extracted from our databank, 
driven for more than years by one coworker. 
Results: 16 girls, 13 boys, mean age 13 years, harbouring 22 
benign (including 10 aneurysmatic bone cysts, 6 osteoblastoms), 
7 malign lesions (chondro-, Ewing`s -, osteosarkoma). Single 
location within the spine in 17 (58%), several locations all over 
the spine in 12 patients (42%). Predominantely, the cervical spine 
was involved in 14 out of 29 (48%). 24 out of 29 (83%) kids did 
not hacve any neurological symptoms. Recurrence was seen in 5 
cases (17%). 
Complicationen were seen in 14 out of 29 patients (48%): 
Among these, Horner`s -syndrom (1) cerebral confusion (1) have 
been treated conservatively. Local scin necrosis/ infection (2), 
perforation at the posterior pharyngeal wall following transoral 
approach (1) requiring local revison together with ENT-surgeons, 
pleural effusions, requiring temporary drainage and pleurodesis 
(1) are easy to treat. However, massive blood loss during surgery 
- requiring massive transfusion of 20 liters is difficult to handle, 
even after successful surgical intervention. Segmentale kyphotic 
angulation (2), see Fig_1, and implant failure (1), or local 
recurrence oft he tumor in 5 cases are very difficult to handle: 
Different approaches, long distance stabilization (Fig_2) and 
bone grafting and transplantationare mandatory. Moreover, 
postop intensive are unit staff must be prepared to deal with these 
problmes. 2 kids died, 3 are lost for follow -up in eastern 
European countries or Arabia. 
Conclusion: Complications occur in almost 50 % of kids 
harboring primary spine tumors. The range of complications is 
extremly widespread. Major complications require long term 
experience, routine, complexe approaches. Thus, these kids 
should be treated in special spine centers exclusively. 
 
Fig. 1 
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Introduction: Benign primary spinal neoplasms are rare tumors. 
Surgical treatment is required in cases of local bone destruction 
(leading to instability), invasion into adjacent neurovascular 
structures and in cases of therapy-refractory pain. 
Methods: Clinical records were reviewed for patients who 
underwent surgical treatment of benign primary vertebral tumors 
between January 2007 and May 2013. Lesion entities, extent of 
resection, pre- and postoperative neurological deficits, primary 
symptoms, lesion location, and type of surgery, as well as need 
for further treatment were assessed. 
Results: 12 patients who underwent surgical treatment of benign 
primary vertebral tumors were identified. Mean patient age was 
45 years (16 to 70 years, 9 male, 3 female). 4 hemangiomas, 3 
osteoidosteomas, 3 aneurysmatic bone cysts, 1 osteoblastoma, 
and 1 chondroid tumor were surgically treated. All patients 
suffered from pain due to the lesion, 2 patients had neurological 
symptoms. 2 hemangioma patients were treated with injection of 
bone cement only. In 5 of 12 patients dorsal stabilization was 
conducted (1 of the 5 patients already pretreated with 
stabilization). In 3 of 12 patients a dorsal and ventral approach 
was conducted, 1 hemangioma patients received an embolization 
preoperatively. All patients treated for aneurysmatic bone cysts 
received dorsal stabilization, 2 of them were operated via a 
dorsoventral approach. 1 patient received an extension of his 
stabilization due to kyphosis 3 months after the initial operation. 
Discussion: While in cases of symptomatic hemangiomas 
injection of bone cement can pose a sufficient treatment, other 
benign tumor entities, especially aneurysmatic bone cysts require 
combined and complex approaches. In spite of being benign, 
these lesions may cause neurological deficits depending on the 
location of the lesions. In cases of sufficient surgical treatment 
lesion control can be accomplished in most patients independent 
of lesions location (cervical, thoracic or lumbar). 
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Introduction: Report of a very rare case of pregnancy- and 
lactation- associated osteoporosis (PLO) with multiple vertebral 
fractures. The PLO is rare and its incidence roughly narrowed 
down to one in 250000 women with a high estimated number of 
undetected cases. The majority of the casesseen in the third 
trimester or early post-partum period in primagravid women.The 
etiology and pathogenesis of the PLOare not yet understood. 
Often severe, the PLO can lead to strong, prolonged thoracic or 
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lumbal back pain and detectable height loss deriving from 
vertebral fractures. 
Materials/Methods: We report a case of pregnancy- and 
lactation- associatedosteoporosis in a 34-year-old primiparous 
patient who was under permanent heparin-treatment during 
pregnancy due to a Factor V Leiden mutation. Six weeks post-
partum she developed increasing thoracic and lumbal severe back 
pain and subcostal pain on her right-hand side. The patient was 
initially diagnosed with a myofacial pain syndrome and treated 
with painkillers, acupuncture, chiropractic treatment and even 
radiology-assisted infiltrations to the spine. The MRI showed 
multiple vertebral sintering fractures in T7 and T9-L1 and the 
diagnosis of osteoporosis was supported by osteodensitometry 
(DXA), showing a T-scoreof L2-L4 as -3.7 and total femoral T-
score of -2,3.Further diagnostic work-up revealed a severe lack of 
vitamin D (5,4ng/ml). The patient was put on treatment with 
painkillers, calcium, vitamin D and a stabilizing orthosis was 
modified. 
Results: After three months of treatment with calcium, high-dose 
vitamin D (with stabilizing laboratory findings up to 50ng/ml) 
and a modified stabilizing orthosis the back pain was decreasing 
and painkillers discontinued although a new MRI revealed two 
more fractures in T7 and T9. A slight kyphosis of 59° could be 
detected, but fractures were healing. 
Conclusions: Although rare, diagnosis of pregnancy- and 
lactation- associated osteoporosis should be considered when 
thoracic or lumbar spine pain occur during pregnancy or in the 
post-partum period as it can lead to severe vertebral or peripheral 
fractures. Diagnostic steps should be undertaken even earlier than 
recommended by the usual guidelines to prevent further fractures 
and severe damage to the spine or other bones. The 
pharmacological treatment, however, is difficult as the usually 
used bisphosphonates might harm the fetus in following 
pregnancies. Other recommended medication as teriparatide is 
expensive and still off-label-use. 
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Introduction: The medical briefing / protocol for an operative or 
non-operative treatment generally requires a basic medical 
understanding on the part of the patients. This is needed to 
understand the disease and the resulting treatment. We 
hypothesized that the patient’s basic medical knowledge is not 
sufficient to adequately understand the resulting treatment.  
Material/Methods: Prospective analysis of a prospective 
database using a questionnaire. Included were all outpatients at a 
spine consultation at a German university hospital. The 
questionnaire included 10 questions on the basics of the human 
spine. The questions had to be handled after multiple choice 
method. Furthermore, the patients age, their native language and 
the work situation were surveyed. The proportion of correctly 
answered questions was compared to the percentage of all 
questions. 
Results: Overall 93 Patients could be included to the study. 9% 
of patients were aged 18-30 years, 47% 31-60 years, 43% 61-80 
years and 1% over 80 years. 15% of the patients had a migration 
background. 44% of patients were retired, 37% employed, 10% 
incapable of work and 8% did not answer this question. 
Overall 35% of all questions asked could be answered correctly. 
The range of correct answers per question was form 0% to 72%. 
Conclusion: Overall only one third of the tasks could be 
answered adequately. This is a shockingly low percentage. It is 
therefore assumed that patients cannot sufficiently understand 
their disease and the resulting treatment due to the lack of 
medical knowledge. Using this it could be shown that a medical 
consultation needs to be focussed on basic knowledge to increase 

the patients information on a medical decision. Increased patients 
medical knowledge about the disease and the resulting therapy 
represents the key for any successful treatment. 
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Spinal dural arteriovenous fistula (sDAVF) is a rare disease 
characterized through a shunt between radicular artery and vein 
in inner dural sheet in the root sleeve. Patients have ascending 
neurological deficits. Diagnostics rely on spinal MRI and 
angiography and the treatment is performed either surgical 
We present a case of a 42 year old initialy complaining over low 
back pain and intermittent episodes of urinary incontinence. MRI 
and MR-Angiography of the spine suggested a spinal dural AV 
fistula, which wasn’t verified in the spinal angiography. Serology 
and CSF-Diagnostics were inconspicuously. Later on the patient 
had a very rapid deterioration with paraplegia sub L2 and spinal 
angiography was performed again, showing a fistula from the 
superior gluteal artery, which is very rare. The feeding artery was 
embolized interventionaly and the neurological status improved 
and the medullary lesion in MRI got smaller in a very short 
course of time. We conclude that spinal angiography should be 
performed more than once, when MRI indicates sDAVF and 
patients have typical, ascending neurological deterioration. 
Treatment should be done, as soon as possible, in any case even 
when patients have paraplegia. Otherwise patients with sDAVF 
will continue to deteriorate, and deaths were described. 
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Introduction: Motion of the disc is essential for its nutrition 
because of the pressure dependent fluid exchange. Non-fused 
transitory stabilization can be necessary in the segment L4/5 in 
severe L5 slippage or in the adjacent segment in fractures. 
Temporary immobilization may negatively affect disc physiology 
with the potential of subsequent degeneration. Although 
physiologic mobility of the segment L4/5 has been shown [1], 
other studies showing 25% non-mobile segments after implant 
removal [2]. Rare data exist on the disc morphology after implant 
removal. 
Material/Methods: Prospective study, 15 patients (10f, 5m, 
mean age 27 y), diagnosis spondylolisthesis (n=6) and fracture 
(n=9). Transitory non-fused stabilization has been performed at 
T12/L1 (n=1), L1/2 (n=5), L2/3 (n=3) and L4/5 (n=6). Discs 
were classified according to Pfirrmann [3] using pre- and follow-
up T2-weigthed MRI-images after implant removal and in follow 
up. 
Results: Interval between primary surgery and implant removal 
was 8.2±2.9 months (4-13), 6 complete and 9 partial impant 
removal. MRI was performed 5.4±1.2 days after implant 
removal. Pfirrmann classification preop: grade 1 (n=12), grade 2 
(n=3). Follow-up MRI showed no changes in any disc. 
Conclusion: Temporary transpedicular segment immobilization 
was shown not to cause new onset or accelerated disc 
degeneration as assessed by MRI. The authors discuss, that 
residual segmental mobility in the instrumented segment might 
sustain disc nutrition. 
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Introduction: Spinal neurinomas are relatively rare benign 
neoplastic lesions that occur with an incidence of approximately 
0.5/100, 000 patients (pt) per year. Accordingly, only a few case 
series exist comprising of small case numbers. 
Material/Methods: All pt evaluated treated surgically upon 
spinal neurinomas between 04/2006 and 09/2012 in our clinic 
were evaluated. This consecutive retrospective series includes 61 
pt. The clinical status before and after surgery was evaluated 
according to the McCormick scale and the Karnofsky 
performance index. Diagnostic imaging using MRI was 
performed preoperatively and after 3 months after the surgery, 
respectively, as well as every year in follow-up. The median 
follow-up was 11 months (range 2-60 months) and is available 
for 36 Pt. (59%). 
Results: The median age was 53 years. There were 36 male 
(59%) and 25 (41%) female pt. The tumor location was: cervical 
/cervikothoracic n = 8 (13%), thoracic/thoracolumbar n = 26 
(43%), lumbar/ lumbosacral n= 27 (44%). Fourty-five 
neurinomas (74%) were located within the spinal channel, 13 
(21%) were intraforaminal, 3 (5%) were extraspinal paravertebral 
tumours. All 61 neurinomas were WHO grade I tumors. In 60 
(98%) of cases gross total resection (GTR) was achieved. In 1 
(2%) Pt. a subtotal resection was performed. Surgical approaches 
were: hemilaminectomy n = 40 (66%), interlaminar fenestration n 
= 7 (13%), laminectomy n = 6 (10%), thoracotomy n = 3 (5%), 
laminoplasty n = 1 (2%), costotransversectomy n = 1 (2%), 
anterior corpectomy n = 1 (2%). The 3 tumors resected by a 
thoractomy, were extraspinal paravertebral neurinomas. The 
corpectomy was necessary in a case of a big ventrally growing 
neurinoma, originating from the foramen of C5. Immediately 
after the surgery or by discharge 29 pt. (48%) improved from the 
preoperative symptoms, 29 Pt. (48%) were neurologically 
unchanged, 3 Pt. (5%) exhibited a postoperative deterioration. In 
follow-up, neurological improvement was observed in 43 cases 
(70%), unchanged symptoms in 18 pt. (30%), no permanent new 
deficits were observed in our series. Surgical complications were: 
postoperative hemorrhage n = 2, CSF fistula n = 2, wound 
healing disorder n = 3. In follow-up, 1 local recurrence (2%) was 
observed in a pt which underwent a GTR 42 months before. The 
recurrence was resected again without complications. 
Conclusion: Spinal neurinomas are benign lesions with a very 
low recurrence rate after GTR. Surgical therapy is associated 

with an extremely low risk of a new permanent deficit (0% in our 
series), whereas the probability of postoperative improvement of 
symptoms is very high (70% in our series). Hence, the early GTR 
is recommended as the gold standard for the treatment of spinal 
neurinomas. 
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Introduction: Telemedicine allows a medical supply and 
transcends geographical, ethnic, religious, and social barriers. 
She can make efficient help for the training of doctors and 
treatment of patients in real time, and despite great distances 
around the world through video transmission. The central idea of 
the Afghan-Europ-Telemedicin is to develop E-health and 
telemedicine in spinal surgery as a humanitarian project in 
Afghanistan in particular and to use. 
Materials and Methods: Beside hardwares like Laptop, digital 
cameras as well as high capacity hard discs and sticks, a software 
was developed together with an IT-company, which takes into 
account the infrastructure in the developing countries. The 
project was elaborated with the scientific posts in the universities 
of Afghanistan. The costly internet access was realised through 
UMTS. 
Results: A collective number of 479 patients with spinal 
problems were managed since April 2011 in the pilot project. 
During this pilot project, 162 patients in Kabul were 
conservatively as well as operatively treated. After nationwide 
expansion of the project in Afghanistan, 85 patients from Kabul, 
96 from Kandahar, 48 patients from Heart, 42 patients from 
Mazare e Sharif and 46 patients from Jelalabad received the 
opportunity to be treated. The telemedicine team from Europe did 
perform 31 spine operations since April 2011 in Afghanistan. 
The indication for surgery, preoperative preparation and planning 
as well as implant provision was realised in Europe through the 
telemedicine team. 
The operations are as a live surgical education of doctors. 
Everyone is featured case as a training case considered. The 
resolution of Differnial diagnosis can be made to the therapy, in 
mutual telekonference and collegial contact. Via telemedicine 
will be to rely on literature about this case and discussed about 
the basics of the disease. An e learning portal is available. 
Conclusion: The telemedicine is an innovative method in spine 
surgery for medical staff training and for the medical care of 
patients in the third world. Mainly elective cases can benefit from 
the telemedicine in spine surgery. 
We are sure that an interesting research project is telemedicine in 
the globalized world. 
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Intruduction: Spontaneous spinal CSF leaks are rare. They 
generally are treated conservatively by bed rest, by epidural 
blood patching or by surgical exploration. Surgical treatment is 
rarely conducted such as in cases of failure of 
interventionaltreatment, especially in cases of large dural defects 
or in cases where inability to clearly locate the leak by imaging 
methods necessitates surgical exploration. The aim of our case 
series was to assess the clinical outcome after surgical treatment. 
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Material/Methods: Our clinical database was reviewed for 
patients with spontaneous spinal CSF leaks who underwent 
surgical exploration between 2010 and 2013. Aetiology, surgical 
therapy, intraoperative findings, preoperative imaging, symptoms 
and the clinical outcome were reported. 
Results: We identified 5 patients (4 f /1 m) with a mean age of 
62 yrs (range 39 to 75 yrs) with spontaneous spinal CSF leak 
who underwent surgical treatment. Two patients received surgery 
after failure of interventional treatment. Three patients had 
typical symptoms of intracranial hypotension and suffered from 
orthostatic headache, nausea anddizziness. One patient showed a 
kind of mental disorder withexhaustion and listlessness, one 
patient had a dysesthesia of the left hand because of a 
hygroma.There was no anamnestic trauma in three patients and 
one patient withmild head trauma a few weeks prior to 
treatment.One patient had surgery because of a neurinoma of the 
C8 root 5 years ago. Preoperative imaging showed no clear CSF 
leak in one case, in 3 cases there was suspicion of a CSF leak on 
MRI which were confirmed in CT-myelography. In one case the 
CSF leak could only be identified in CT-myelography. One 
patient had a confirmed CSF leak on preoperative MRI. In two 
cases the CSF leak was localized in the lower cervical spine, in 3 
cases in the middle or lower thoracic spine. A clear CFS leak 
could be identified intraoperatively in 3 cases, in one case there 
was CSF flow at the beginning of surgery but a clear leak could 
not be identified. In one case no CSF leak was found. In all cases 
the preoperative symptoms improved after surgery. In one case 
there was a relapse after 4 weeks and a second operation was 
necessary. 
Conclusion: Main localization for spontaneous CSF leaks was 
the lower cervical and the middle / lower thoracic spine. In only 
one case the CSF leak could be diagnosed with MRI only, in 
most cases a myelography had to be performed to confirm 
diagnosis. In all cases the preoperative symptoms improved after 
operation. Surgical treatment is an effective treatment of 
spontaneous cerebrospinal fluid leaks in cases ofrefractory 
symptoms after conservative or interventional treatment. 
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We operated a young woman on an intra-/extraforaminal lumbar 
disc prolaps in L5/S1. A dorsal spondylodesis was necessary and 
accomplished. The patient suffered a coma postoperatively.A 
bilateral basal ganglion edma could be diagnosed in the MRI-
Study. We suspected the CSF underpressure originating from a 
postoperative unnoticed spinal CSF leckage as an explaination 
for the edema, which could be proved in the lumbar MRI. The 
edema came about due to vaccum effect of the suctioned drainage 
and caused extendet stay in the intensive station. Fortunately the 
patient recovered clinically completely . The edma in MRI is 
regredient too. We concluded that the exact intraoperative exam 
to exclude an unnoticed dura lesion is an important means to 
prevent the above mentioned complication. Nevertheless If there 
is any doubt, one must be aware of avoiding a protracted CSF 
leckage due to a suctioned wound drainage. 
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Introduction: Idiopathic intradural spinal arachnoid cysts 
(IISACs) are rare and only few case-series have been described 
so far. Due to differences in cyst morphology and surgical 
techniques, treatment of IISACs is controversial and often 

requires individual management. We therefore carried out a 
single center retrospective analysis of surgically treated IISACs 
from 1997 until 2012. 
Material/Methods: Symptoms, imaging, operative procedure 
and outcome of 23 consecutive patients with IISACs were 
analyzed retrospectively. Patients with post-traumatic, post-
inflammatory or post-operative arachnoid cysts were excluded. 
Post-operative and long-term clinical outcome was classified as 
“poor” (deterioration of symptoms) “fair” (no improvement of 
symptoms), “good” (considerable improvement without complete 
resolution of symptoms) and “complete” (complete resolution of 
symptoms). 
Results: 23 IISACs (11 male/12 female; age: 60±15 years) with a 
median follow-up of 7,6 months were analyzed. IISACs were 
predominantly located in the thoracic spine (70%) and dorsal to 
the spinal cord (78%), expanding on average over 2 vertebral 
levels. Symptoms in the majority of cases were back pain and 
sensory loss (52% each) followed by gait disturbance (43%). As 
surgical aproach, cyst fenestration, complete resection or a 
combined procedure were performed. Satisfactory (good or 
complete) early post-operative outcome was reached in 78%. 
Nine patients required secondary or tertiary surgery. In patients 
undergoing repeated surgery, outcome was improved in 83%. 
Long-term follow-up revealed satisfactory outcome in over 90% 
of all patients. 
Conclusion: Our data suggest that satisfactory (good or 
complete) outcome can be achieved through surgical treatment in 
most cases. Repeated surgery can further improve postoperative 
symptoms. Therefore, surgical treatment with an individually 
tailored approach seems to be suitable in the management of 
symptomatic IISACs. 
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