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Impact 

The total number of people affected by adult spinal deformity (ASD) 
has increased spectacularly in the past decades. This is not only due to 
ageing of the population, but also due to the modern sedentary 
lifestyle. Spinal disorders have a devastating effect on health related 
quality of life due to pain and loss of function, and are among the 
highest ranked disorders in the estimated global burden of disease [1]. 
In case of curve progression, imbalance, neurological symptoms, 
incapacitating pain, and dysfunction, surgical treatment of adult spinal 
deformity is achieved by long-segment instrumented spinal fusion. In 
the United Kingdom (UK), the overall number of adult patients 
surgically treated for adult spinal deformity has increased by 250% 
between 2005 and 2015, with a 6.4-fold increase in the population over 
60 years of age [2]. The total number of ASD related primary surgeries 
performed in the UK is estimated to further double between 2015 and 
2025, a trend that could be expected worldwide.  
 
Surgical treatment of spinal disorders has improved enormously over 
the past decades. However, especially after long-segment spinal 
fusions post-operative mechanical complications still occur frequently. 
A sudden increase in angular kyphosis of the spine at the top end of 
long spinal constructs, termed proximal junctional kyphosis (PJK), is 
among the most frequent of these complications and occurs in 20-35% 
of the treated patients [3]. The development of PJK may be the result 
of vertebral fracture, screw breakout at the top of the spinal construct 
and/or laxity of the soft tissues around the vertebrae. Due to the 
reduced bone mineral density and reduced strength of the surrounding 
soft tissues, this complication occurs especially frequently in the older 
population [3]. The high occurrence rates of these complications and 
the increase in number of surgeries performed stresses the importance 
of the research described in this thesis.  
 
Although PJK is a multifactorial complication with risk factors such as 
age and sagittal alignment and balance, semi-rigid junctional fixation 
at the proximal junction could aid in reducing the overall incidence of 
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this complication. The potential of a sublaminar fixation system, the 
GEM-Power Cable System, as a means to reduce the incidence of PJK 
after ASD surgery was studied in this thesis. This fixation method 
consists of a polymer tape woven from UHMWPE fibres (Dyneema 
Purity® Radiopaque fibres; DSM Biomedical, Geleen, the Netherlands), 
which is fixated to the spine by the formation of a tight loop around 
the lamina of a vertebra and the spinal rods using a knot. The feasibility 
of applying this system as a semi-rigid junctional fixation system was 
demonstrated in multiple ex vivo studies and further insight into its 
mechanics was provided in an in silico finite element model. 
 
In this research and the overarching PoSTuRE project, preclinical 
verification and validation of the GEM-Power Cable System (including 
the accessory devices required for surgery) were completed. The 
project which was initiated over a decade ago has now survived the 
proverbial ‘Valley of Death’ and the system was approved for a first-
in-man clinical trial (Presented in the general discussion). The direct 
impact of these efforts is two-fold. First, if this trial were to be 
successful, this could theoretically prevent multiple revision surgeries. 
After commercialization of the system this could add up to numerous 
patients worldwide. The costs of revision surgery are estimated to be 
almost 90% of the index surgery [4]. So secondly, besides the personal 
gain for the patients, the intervention now being clinically tested may 
have substantial economic benefits to the society as well.  
Second, in preparation of the first-in-man trial, the design control and 
risk management was facilitated by Chemelot InSciTE and DSM 
Biomedical as legal manufacturer of the GEM-Power Cable System. 
These two consortium parties as well as the Maastricht University 
Medical Centre have learned a great deal about the prerequisites, the 
amount of resilience and perseverance needed, and the know-how 
about the road to clinical introduction of a medical device. Generally 
speaking, the academic environment is not equipped for the controlled 
development of medical devices, let alone having the know-how on 
applicable regulations, such as the Medical Device Regulation [5].  
Therefore, the endeavours showcased within this thesis should help 
and drive academia into being more prepared, knowledgeable and 
facilitating towards the stringent rules and regulations one has to 
adhere to during medical device development. 
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As stated, the research of this thesis was performed under the 
framework of Chemelot InSciTe, a public-private research institute. By 
providing facilities, equipment and expertise, all with the right 
certifications, this institute was able to facilitate preparation of the 
documentation for the first-in-man clinical trial. Furthermore, by 
bringing knowledge together it stimulates innovation. Ultimately, 
commercialization of the technique is required for implementation into 
regular clinical practice. A number of prerequisites were addressed in 
order to warrant the commercialization of the GEM-Power Cable 
System and to ultimately serve a larger patient population. First, the 
manufacturing of the product was transferred to a certified medical 
textile company. Second, the research performed contributed to the 
well-documented pre-clinical verification and validation of the system. 
Moreover, the results the research performed in this thesis 
demonstrated the potential to employ the GEM-Power Cable System 
for multiple purposes within the same patient population, i.e. as semi-
rigid junctional fixation, as stand-alone fixation and as a screw 
reinforcement technique. Third, for improved adoption by the 
community of spine surgeons, potential further optimization has been 
prepared. Finally, the development of a complementary system, 
dubbed the Cable Anchor System, has been initiated which could 
ultimately drive commercialization and thus the chance of clinical 
adoption of the systems. 
 
This novel implant combines the knotted tape fixation with a pedicle 
screw. By means of transpedicular fixation, the posterior ligaments can 
be better preserved compared to most types of wire fixation. 
Additionally, the cannulated screw provides the opportunity for 
percutaneous instrumentation, which could further reduce the amount 
of ligamentous and muscular tissue to be resected. The same cannula 
also provides the opportunity to incorporate bone cement 
augmentation of the screw, thereby increasing applicability in the 
osteoporotic patient population. The feasibility of this technique as a 
means to reduce the occurrence of PJK was demonstrated in this thesis, 
but its development is still in an early phase. As already proposed, 
further development could involve adaptation of the screw design. In 
order to warrant its commercial value and thus improve its valorisation 
potential, a patent for this device has been filed and a design history 
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file has been compiled. Finally, the longitudinal sliding characteristic of 
the system could be leveraged by implementing the Cable Anchor in a 
growth guidance construct for early onset scoliosis (EOS). Currently, 
this construct for EOS treatment using the Cable Anchor as sliding 
fixation is being tested in an animal model. Although sublaminar 
fixation and transpedicular fixation are completely different approaches 
for both semi-rigid and growth-guidance constructs, spine surgeons 
require a flexible toolbox which could accommodate any clinical 
situation. Therefore, I foresee a simultaneous commercialization of the 
GEM-Power Cable System and the Cable Anchor System to combine 
the strengths of both systems, to ultimately serve a broad patient 
population and promote adoption by the spine surgeon community. 
 
Besides the direct and future impact of this thesis on the adult spine 
deformity patient population and the spine surgeon community, a 
number of suggestions for the improvement of research on spinal 
instrumentation and spinal biomechanics have been postulated. 
Research on the biomechanical opportunities of semi-rigid junctional 
fixation as prophylactic technique to reduce the incidence of PJK is a 
relatively young field. The oldest studies included in the systematic 
reviews presented in Chapters 5 and 6 were from 2013 and 2008, for 
the biomechanical and clinical review, respectively. From this thesis, 
three ex vivo biomechanical studies and an in silico finite element study 
were submitted to peer-reviewed journals, of which three studies have 
already been published. Additionally, with the initiation of the first-in-
man clinical trial and further development of the Cable Anchor System, 
more substantive journal articles are anticipated. Through these 
studies, the spine research community is impacted in multiple ways. 
Regarding biomechanical research, the gaps in current practice were 
pointed out and the potential for improvements were highlighted. A 
selection of the suggested points for improvement are: the proposal 
for improved test standards, suggestions for improving biomechanical 
research experimental setups, and a tool for risk of bias assessment 
specifically for biomechanical studies. Additionally, in the two 
complementary systematic reviews we were able to stress the diversity 
of this specific field of research. Performing a systematic review solely 
on biomechanical studies is fairly uncommon, but the results 
demonstrate the need for standardization in experimental setup and 
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reporting and the need to perform this type of systematic reviews more 
frequently. Finally, the systematic review on clinical trials could drive 
standardization of PJK and proximal junctional failure definitions, and 
the direct comparisons made in the biomechanical studies should aid 
the development of future clinical trials. 
 
In conclusion, the research presented in this thesis directly impacts the 
intended patient population by making the huge step forward by 
clinically introducing the developed technology in a first-in-man trial. 
The surgically treated adult spinal deformity population as a whole can 
directly benefit from the developed technology and the gained insights. 
The process of preparing a medical device dossier for a first-in-man 
trial is an example of the opportunities offered by a public-private 
collaboration. This should push academic institutions towards engaging 
into more of these initiatives. Furthermore, the novel implant 
presented in this thesis could aid in the initiation of new projects and 
may have broader implications after further development. The research 
presented in this thesis should result in more comparable, repeatable 
and clinically translatable research in the field of spinal instrumentation 
and could be a catalyser in the field of biomechanical spinal 
instrumentation research. 
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