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“As the vertebrae start to fuse later on, 
metals become less suited to building  
and sustaining living bone”

Surgeons now use long fibre carbon composites to address the 
conflict between short- and long-term needs in spinal fusions

ostaPek long fibre carbon 
composite’s impact upon 
spinal surgery

A lmost one out of two people 
in the industrialised world 
will experience lumbar pain 

each year.1 Many come for professional 
consultations. In the United States alone, 
and at a cost of 33 billion dollars,2 400,000 
will receive spinal fusions (arthrodesis). 
Here two or more vertebrae are fixed and 
made to fuse together with the objective 
to relieve pain and restore function. 
As a population, we are growing older 
and living longer, so these numbers and 
costs will increase. The spinal surgeon 
who uses implants to perform this spinal 
fusion is faced with a dilemma of patient 
needs that is as old as spine surgery itself.

On one hand, patient needs in the 
short-term are mechanical: correct and 
stabilise the spine to start bony fusion. 
Here, the implant must first be strong. 
On the other, in the mid-to-long-term, 

patient-needs are biologic. Living bone 
must then grow between the vertebrae 
so that it takes over the implant’s 
initial stabilisation duties. Ideally, this 
stabilised spine and bone should receive 
multiple weight-bearing loads to create 
the ‘osteogenic strains’3 that regulate 
bone’s formation and renewal. The 
stabilising implants that first had to be 
strong cannot be too stiff. An implant 
(or any other reconstruction) that is 
too rigid can prevent the development 
of osteogenic strains known to promote 
bone formation,4 in this case for 
intervertebral fusion. For the mid-to-
long-term biologic patient needs, the 
implant must allow enough deformation 

to strain surrounding bone. 
Furthermore, as they age, spine fusion 

patients will return from time to time for 
consultation and treatment. Health care 
practitioners must regularly perform 
radiologic examinations to control 
implant positioning, restoration of spinal 
alignment, correction of deformities, 
effects of decompression and last but 
not least the result of the intervertebral 
fusion. Very often such serial radiological 

studies are also required because of 
recurrent symptoms. This can be caused 
by either progression of disease in 
the adjacent segments or because of 
insufficient intervertebral fusion that 
ultimately increases the risk for implant 
failure. Independently from the use of 
CT and/or MRI scans, metal implants 
(cages, rods and screws) create image 
artifacts that profoundly impair image 
quality. This interferes with the ability to 
detect and specify a diagnosis.

Implant material choices
Industry equips the spinal surgeon 
most often with two types of implant 
biomaterials to perform spinal fusions. 

These are metals (titanium and steel) or 
plastic, (often a synthetic, high crystalline 
thermal plastic PEEK or PEKEKK.) Each 
has performance more appropriate for 
one side of the spine surgeon’s dilemma 
between the patient’s short- and mid-to-
long-term needs. 

Metals (titanium and steel) are 
intrinsically strong, which is good for 
correction and stabilisation. But as the 
vertebrae start to fuse later on, metals 
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become less suited for building and 
sustaining living bone. Strong metal 
can be too stiff, carrying too much of 
the load that a bone should ultimately 
carry, preventing the living tissue strains 
that bone needs to initiate and maintain 
its formation. Over the years, a too-stiff 
metal implant can erode the strength of 
the bone it was supposed to stabilise in 
a phenomenon called stress shielding. 
When X-rays or radiation therapy are 
later required, metals can obstruct 
diagnosis and treatment. 

Plastics like PEEK are radiolucent, so 
soft tissue and bone can be seen through 
and around it in CT or standard X-ray. Yet 
under regular biomechanical loads, plastic 
materials tend to creep and loose their 
corrective form, as in the case when they are 
used in implants such as pedicle fixation. 
This makes PEEK plastic less suited to hold 
spinal stabilisation and correction. 

In many situations, the choice of 
implants made from either metals or 
PEEK will force the surgeon to favour 

one set of patients needs to the detriment 
of the other. Performance limitations 
in metal and plastic material have lead 
engineers to deploy composite implants 
as a design solution more tailored to 
living bone in spinal fusions. For over 
18 years, long fibre carbon composite 
continues to be used in an ever-growing 
number of spinal applications.

Strength and flexibility: the nature of 
ostaPek long fibre carbon composite
ostaPek long fibre carbon composite is 
in fact two materials: long fibre carbon 
in controlled orientation and a matrix 
of PEKEKK. Technically called a LCFRP 
(long carbon fibre reinforced polymer,) 
carbon strands comprise 66.6% and the 
encapsulating matrix PEKEKK 33.3%. 
The high carbon-to-plastic matrix ratio is 
used to achieve maximum strength.

A strand of carbon fibre alone is 
stronger than steel, but brittle when bent. 
Plastic PEKEKK, when not reinforced, 

bends readily but will not 
hold its form unless made 
to thicker dimensions 
that are not always 
possible in anatomical 
constraints of the spine. 

Carbon and PEKKEK, 
when brought together in 
a purposeful orientation 
of the carbon strands, 
borrows one material 
property from the other 
to create a dual nature 
material. Its bi-material 
structure provides 
implant properties that 
are new, such as an 
increase in both strength 
and flexibility that would 
be a contradiction in 
traditional metals or 
plastic. 

ostaPek long fibre carbon composite 
has also been shown to have an osteo-
conductive surface5 and is completely 

radiolucent. This means bone and soft 
tissue can be seen adjacent and through 
the implants for subsequent radiographic 
evaluations and treatment.

These material performance 
qualities make ostaPek carbon composite 
particularly suited to the opposing needs 
of spinal fusion and for what scientific 
literature has called a better balance 
between the short-term stability (implant 
strength) and the mid-to-long-term 
biology, where an implant and bone 
construct must be less rigid.6 

How composites function
To understand how ostaPek carbon fibre 
composite works, it is useful to think of 
the carbon fibre strands as filaments 
in a rope. The filaments are oriented 
to be in tension along the directions 
where strength is desired. Strands of 
the rope alone, however, will not keep a 
supporting form; for this, a matrix must 
be added. The ostaPek thermal plastic 

matrix holds the carbon strands in place 
when load passes through the carbon 
fibres, while at the same time, allows a 
tiny bit of matrix stretching between 
each fibre. This brings more flexibility 
and spring-like qualities. The engineer 
can change the orientation of the carbon 
fibre at different spots in the implant 
to make it stronger, stiffer or more 
flexible according to the requirements 
for treatment. Thus ostaPek carbon 
fibre orientation in PEKEKK matrix can 
be used to obtain both strength and 
flexibility in hopes of better addressing 
the needs of bony fusion. That is strength 
for short-term stabilisation and flexibility 
for mid-to-long term strains in biology.

Using controlled fibre orientation, 
the engineer can even program different 
strengths, stiffness and flexibilities at 
different locations within the same implant 
without changing the outer geometry. This 
enables the surgeon to control implant 
mechanical performance at different levels 
of the spine in a manner most suited and 
tailored to the patient’s needs.

Architectural optimisation
Nature teaches us how effective 
composite strategies can be and at the 
same time gives clues for new implant 
design. In living structures that bear load, 
from the branch of a tree to a section of 
bone, the dominant internal architecture 

Fig. 1: Simplified structure of ostaPek

“ostaPek long carbon fibre composite 
has an osteo-conductive surface and is 
completely radiolucent”
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is purpose-built and oriented according 
to loads they must support. Because they 
are living, the strains upon them initiate 
new structures, guiding their direction 
and assuring that new supporting cells 
replace old ones. In bone, an internal 
structure that provides such support is 
called a trabeculae. It works like a tiny 
beam or strut with a spatial orientation 
exactly as biomechanically required. 

Trabeculae contribute to bone’s strength 
and flexibility. In living bone, they 
actively align themselves throughout 
life according to the stresses and strains 
they experience in a manner now called 
Wolff’s law.7 The surgeon sets out to form 
bone trabeculae in a spinal fusion. The 
engineer attempts to design implants with 
properties that favor their formation.

In composite implant design, the 

Fig. 2: A ostaPek Trabis corpectomy cage, (a) loaded during mechanical testing under 500N 
compression and at 45° of torsion; (b) & (c) in a patient, associated to anterior plating in  
titanium. (d) Examples of different available sizes for single or multilevel vertebrectomy. 

Fig. 3: This 58 year old female patient suffered from severe back and leg pain, with lumbar 
degenerative scoliosis (a) & (b) complicated by oblique departure from the lumbar sacral 
junction. Surgery consisted of spinal stenosis decompression for leg pain, correction and 
stabilization using titanium pedicle screws as anchors connected to ostaPek rods (c) & (d). 
Morselized bone graft was placed beneath the rod and between the screw heads to asset 
bone fusion. An ostaPek cage filled with the patient’s bone was placed at the L5-S1 disc 
space to correct the oblique deformity at the lumbar sacral junction. A 14 months post sur-
gery, the patient shows correction in three dimensions with over all spinal balance.  Note 
the ostaPek composite rods are transparent in the x-ray and bone is observed.

optimal carbon fibre orientation for an 
implant is often similar to the dominant 
trabeculae of bone. These guide the 
engineer to build composites for a specific 
location in the spine.  To provide optimal 
strength and flexibility, the implant 
designer uses ostaPek composite’s bi-
material design to follow nature. 

Application 1: interbody vertebral cages
With their dominate fibres oriented 
like trabecular bone in a vertebral body, 
interbody fusion cages made from ostaPek 
long fibre carbon composite can be made 
strong and tall to replace several levels, 
but with thin walls to make a device that is 
both flexible and has a large inner volume 
for uptake of bone graft. Engineers 
can maximise this cage architecture 
for more viable bone graft to enhance 
osteogenesis,8 yet with planned flexibility 
for osteogenic strains. Large bone ports in 
a slightly flexible interbody cage structure 
are particularly useful for reconstructive 
corpectomy and tumour surgery. 

Application 2: posterior pedicle fixation
Pedicle fixation rods can be made in 
ostaPek composite to be sufficiently 
strong for scoliosis correction, yet flexible, 
in order to store and release energy, 
somewhat like a micro shock absorber 
that flexes under load and then returns to 
form. It is hoped this design will provide 
osteogenic strains and will better protect 
the anchoring screws from dislodging and 
eventually, the adjacent segment from 
progression of degeneration. ostaPek 
composite rods are now being used in 
progressive stiffness, with the stiffer 
section at the lumbar spine and the less 
stiff in the thoracic region, to perform 
spinal fusions for degenerative scoliosis. 

Application 3: ostaPek carbon composite 
and tumour surgery
The needs of oncological treatment in 
spinal tumours can require a surgeon to 
remove one or several entire vertebrae en 
bloc within healthy tissue margins.9 This 
is an ultimate surgical destabilisation that 
requires subsequent implant fixation that 
will safely hold the spinal column in place. 
Today, as the ability to select patients 
and treat cancer improves, so does the 
rate and time for survival. These cases 
mandate both initial implant stability 
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and the subsequent bone formation that 
will maintain the spine through life.10,11 

Anterior column support is provided by 
an ostaPek Vertebral Body Replacement, 
filled with the patient’s bone. Posterior 
stability is provided by titanium screws 
that are visible, and ostaPek composite 
rods that are not visible under normal 
X-ray. The goal is to stabilise, increase the 
area of bone for fusion, allow loading, 
and to see the fused bone. 

Nuances and limitations in surgery
Some ostaPek carbon composite qualities 
preclude certain surgeries or require some 
special training.  Composite structures 
cannot be reformed or bent in surgery 
like metals. The surgeon must adapt to 
preformed composite implants. On the 
rare occasion when this is not possible, 
such as a complex scoliosis curve with 
pedicle fixation and rods, a titanium rod 
component is used. Spinal surgeons new to 
composite will feel a generous elastic zone, 
somewhat like a spring. But unlike metal, 
when deformed beyond the elastic limit, the 
implant can split. This is readily detectible 
in surgery by a sound and the implant is 

replaced. This occurrence becomes rare 
with experience and training. When a 
surgeon experienced with composite uses 
a slower alignment procedure, employing 
the spine’s viscoelastic properties as an 
advantage, ostaPek composite rods can 
be used to correct and stabilise extensive 
scoliosis deformities. However, now that 
ostaPek’s biomechanical and radiolucency 
properties have been shown, the ongoing 
clinical studies must answer what this brings 
in the very long term. This is a question that 
comes with all new technology.

Conclusions
ostaPek composite enlarges the range of 
solutions for the spinal surgeon performing 
a spinal arthrodesis: maximised volume 
for viable cells8; osteo-conductive surface5 
in flexible fixation6 that is designed for 
osteogenic strains3 to form bone in a 
biologic fusion. ostaPek composite brings 
radiolucency. This envelope of performance 
allows correction and stabilisation with 
small changes in technique.

If an 18-year clinical history should be 
considered as relatively new in medicine, 
ostaPek’s growing applications and use 

continue to support that carbon fibre 
composite will find a wide acceptance in 
spinal surgery. ✦
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Fig. 4: This 64 year old female patient was affected by recurrent low grade osteosarcoma. 
Before surgery CT scan (a) and MRI image (b) showing the tumor mass surrounding L2 and 
the posterior fixation implants in titanium. After revision surgery CT scan (c) and MRI image 
(d): the patient underwent one level vertebrectomy with ostaPek VBR cage, and posterior 
fixation with flexStaas ostaPek rods. Lateral CT image (e) and picture (f ) of the flexStaas VBR 
assembly used.






