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Societal impact 
Spine related disorders are commonly observed clinical problems. As the lower (lumbar) 

region of the spine carries more body weight than higher regions, disorders are most abundant 
in the lumbar spine. These disorders can ultimately result in low back pain. With a lifetime 
prevalence of up to 80%, low back pain is the primary cause of years lived with disability. 
Low back pain is the main cause for work absenteeism or disablement, which makes it not 
only a healthcare but also a leading global economic and social problem.  

Initially, low back pain patients will be treated with conservative interventions like 
physiotherapy, bracing, spinal injections, and pain medication. When the patient is non-
responsive to these nonsurgical interventions, spinal fusion surgery can be used as operative 
treatment for a wide range of spinal disorders responsible for low back pain. Over the years 
2004-2015, the volume of elective lumbar spinal fusion increased 62.3% in the United States 
and overall hospital costs exceeded 10 billion United States dollars in 2015. 

 With spinal fusion surgery the intervertebral disc between the vertebrae is often 
removed and replaced by an implant (also called a cage). In addition, the vertebrae of the 
affected segment are fixated using metal screw and rod instrumentation. The instrumentation 
and implant together stabilize the spinal segment, reduce compression of surrounding neural 
tissue, and restore the initial height of the spinal segment thereby alleviating pain and 
preventing motion. As time progresses, it is essential that the operated vertebrae fuse together 
by bony union via or around the cage in order to achieve long-term clinical success. This is 
because delayed fusions and non-unions can result in adverse effects that lead to inferior 
clinical outcome and the need for additional revision surgery, which is challenging, 
economically costly, and inherently comes with additional risks for the patient. 

 
This thesis first provided an overview of current existing literature on fusion surgery 

and confirmed that 10% of the patients do not achieve bony fusion of the vertebrae. Early 
after surgery, there is a large variation in fusion rates across patient groups. Moreover, low 
early fusion rates were associated with higher complication rates. The importance of 
enhancing early fusion rates was thus highlighted in this literature review. 

Then, it was shown that 3D printed, spinal cages affect the way how bony union 
progresses after spinal fusion surgery. With these new porous cages, stability of the operated 
segment can be realized sooner than with conventional cages. This is because bone can grow 
and integrate into the cage at the interface, and thus stabilize the vertebrae via the cage 
without the need to form a complete bridge from one vertebra, through the cage, to the other. 

In current clinical practice, cages are packed with bone graft material to stimulate bone 
formation. This bone is harvested from the patient itself via an additional incision at the hip 
to reach the iliac crest. This thesis investigated whether the bone graft can be replaced with 
a synthetic material. It was shown that the synthetic material was safe and effective, and that 
it seemed to stimulate bone formation more extensively than patient donor bone does. When 
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using this synthetic material in the clinic instead of bone of the patient itself, there is no need 
for a second incision and a painful harvesting procedure. This will eliminate donor-site 
morbidities. In contrary to the amount of patient bone that can be harvested, the amount of 
synthetic material will not be limited. Patients that will undergo fusion surgery will thus 
benefit from this product as the need for bone harvesting can be eliminated. 

Both the porous, 3D printed, spinal cages and the synthetic bone graft substitute are 
commercially available and can enhance the fusion results early after surgery. The new cages 
provide increased stability to the operated segment by the way the bone integrates with the 
cage, and the synthetic bone graft substitute stimulates bone growth within the cage. Firstly, 
the use of these new products might reduce the number of non-unions amongst patients 
undergoing fusion surgery. Secondly, it might reduce the time from surgery to full union and 
stabilization in patients for which conventional techniques would already work. Reducing the 
number of non-unions will lead to less revision surgeries, whereas reducing the time that an 
operated segment is not fused yet results in less non-union related complications. Shortening 
the time to fusion can also potentially reduce the return-to-work time and allow a patient to 
resume social activities on a shorter notice. This will lead to better patient satisfaction, lower 
costs, and less societal burden. 

 
Apart from evaluating specific new products, this thesis showcased how several research 

models (in vitro, in silico, and in vivo) are valuable in providing answers that cannot be 
determined directly via clinical research. These models help in product development, in 
decision making, and in answering fundamental questions about the progression of bone 
growth and how this process is affected by biomechanical and biological factors. Patient-
specific finite element models of relevant subjects have the power to estimate internal forces 
and displacements that cannot be measured clinically. First, this information is of use to 
encourage or discourage certain procedures during surgery. For example, we showed that 
high forces on metal fusion instrumentation should be avoided. Second, these models can 
derive patient-specific performance indicators of implemented cages and facilitate 
development of tailored cages for each patient. 
The preclinical animal models were not only used to assess the performance of the new 
cage and the bone graft substitute, but also to monitor the bone growth after surgery with 
clinical imaging modalities. The preclinical models enable multiple follow-up time points 
as well as a combination of clinical imaging and planned post-mortem microscopical 
analysis. This helped us to provide answers on fundamental questions about how bone 
growth occurs after fusion surgery and to predict the suitability of imaging modalities in the 
human clinic. Specifically, this research contributed to the interpretation of positron 
emission tomography/computed tomography (PET/CT) scans early after fusion surgery. As 
we revealed the changes in PET/CT scans during uncompromised early fusion, we are one 
step closer to be able to recognize impaired bone healing early after fusion surgery by using 
clinical PET/CT in patients. 
  




