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1.

Introduction

Spine compression fractures are relatively frequent and
characteristic type of fracture, in which the vertebrae are
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ABSTRACT

Purpose: This paper is a review of literature where the analyses of the commonly used
bone cements were carried out especially: methods of manufacturing, surgical techniques,
mechanical properties, biocompatibility studies as well as possibility of improvement some
properties by using additives.

Design/methodology/approach: The aim of this publication is the analysis of the
state of knowledge and treatment methods on compression fractures, approximation of
the specifics of compression fractures, presentation of minimally invasive percutaneous
surgical techniques, description of features of the most common used bone cement on
matrix Poly(methyl methacrylate) — (PMMA) and presentation cement parameters which
affect potential postoperative complications.

Findings: In considering to review of actual state of knowledge there is a need to find the
additives which allow: to reduce the polymerization temperature, improve the biocompatibility
as well as mechanical properties. During the studies it was found that the additive which can
meet the requirements is glassy carbon in form of powder.

Practical implications: Discussion allows to prepare samples during practical work with
new kind additives in composite with bone cement as matrix.

Originality/value: The original in this discussion is the possibility to improve fundamental
properties of the selected bone cements by using different than commonly used additives.
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collapsed and as a result the vertebral body are decreased.
These fractures involve damage of vertebral body, leading
to their collapse and reduction of their height (Fig. 1). They
can be occurred by injuries, when spine is subjected to very
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high force, with consequently is subjected to compression
and damage. Compression fractures may be triggered also
by others factors as osteoporosis, diseases decreasing
quality of osseous tissue, such as another metabolic
diseases or bone tumours. Front part of vertebral body is
usually damaged and bone cancellous located inside it, it is
collapsed and fragmented. Vertebral body is richly nerved
and in a consequence compression fracture causes strong
pain, appearing at the time of the injury. Pain usually
intensifies in a standing position and walking time, while
relief is brought in a lying position. Significant damaged
vertebral body may cause fragmentation his back part
which moving to the lumen of spinal canal, it can compress
and damage nerve structure which are in its lights. In this
situation apart from strong spine pain in place of fractures
may occur neurological disturbances in the form of
a sensory disturbances or paralysis.

Fig. 1. X-ray of the thoracic spine. Projections AP (a) and
lateral (b). Compression fractures of ThS and Thé shafts [1]

Osteoporosis is systemic bone disease, which is
characterized by decreased bone density, what increases the
risk of fractures (Fig. 2). concerning mainly people over 50
years old, with two-fold predominance of women.
Increased calcium absorption from bones and disturbances
cancellous bone structure, lead to focus microcracks in
vertebral body and in a consequence to compression
fractures. In osteoporosis compression fractures are arisen
as a result of inconsiderable injury or spontaneously while
performing daily activities, such as getting up from bed or
sneezing. Osteoporotic compression fractures may process
without specific visible symptoms, however there are
usually painful symptoms within fractured bone. Fractures,
in particularly concerning many vertebrae may lead to arise
Thoracic Hyperkyphosis deformation. Such arise of
thoracic hump in some cases may be the reason of
significant decrease function on breathing circulation
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system. Most of the patients are noticed that pain caused by
compression fracture is decreasing as the time is passing.
At around 1/3 patients suffer from compression permanent
complains caused by compression fractures.

Fig. 2. Correct density of healthy bone (a) and reduced
density in a result of osteoporosis (b) [2]

There are not ailments of neurological spinal cord side
effects or neurological nerve root caused by compression
fractures in a result of osteoporosis contrary to traumatic
fractures. Compression fractures are the most often located
in lower parts of thoracic spine (Th10-Th12) and within the
upper parts of lumbar vertebrae (L1-L2).

The final diagnosis of fracture is based on total
diagnosis conduction, involving detailed medical interview,
neurological researched and necessary neuroimaging test.

According to it, the back column of spine and the
ligaments apparatus is untouched, such fracture may be
considered as a stable fracture. So far such fractures have
been treated in a conservative treatment involving staying in
bed, resting and usage pharmacological therapy, as well as
orthopaedic corset. At Present beyond above mentioned
techniques, compression fracture are treated by minimally
invasive surgery of vertebroplasty and kyphoplasty [3-10].

Vertebroplasty and kyphoplasty as minimally invasive
techniques have been adapted to compression fractures
treatment of vertebral body with the usage of polymeric
cements bones on matrix PMMA. Above mentioned cement
used for compression stabilization of fractured vertebral body
must be at justed to specific biomechanical and biological
requirements. This material is deposited in the area that is
load-bearing environment, it must be able to withstand cyclic
and static complex loading patterns. This review focuses on
discussion bone cement on matrix PMMA properties used in
Vertebroplasty and kyphoplasty and explanation potential
complications connected with using cement.
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2. Vertebroplasty and kyphoplasty

First surgeries of percutaneous vertebroplasty were
made in France by Deramond in 1984. This procedure is
based on injection bone cement under pressure into
vertebral body through a cannula. However, this procedure
is not restored heights of fractured vertebral body. Bone
cement is cured on polymerization process after injection
and stabilises fractured vertebrae, increases mechanical
strength, provides relief in pain and improves life comfort.
Vertebroplasty procedure is minimally invasive what is
particularly important in case of elderly patients with
coronary diseases and it is carried out mainly of local
anaesthesia. Advantage of local anaesthesia is maintaining
constant contact with the patient, this allows to detect
neurological complications rapidly and to react
immediately. Vertebroplasty is the procedure which
provides pain relief within several dozen minutes [11-14].

Kyphoplasty in contrast to vertebroplasty may restore
height of fractured vertebrae through inflate balloon inside
wedge decreased vertebral body, before cement injection.
Kyphoplasty is used particularly in cases while occurred
angular deformation of spine and advanced kyphosis
appearing in a result of compression of fractures. This
procedure is based on insert high-pressure into the balloon,
by means which there is a possibility of moving away
boundary plates in fractured vertebral body, which makes
it possible partial restored height of vertebral body. In the
result cavity higher viscosity bone cement is injected than
in Vertebroplasty procedure and lower pressure, what
decreasing the risk of cement leakage apart from vertebral
body [1].

Fig. 3. Diagram showing the differences between the
technique a) vertebroplasty b) kyphoplasty — expanding the
balloon inside vertebral body [15]

Vertebroplasty and kyphoplasty are different primarily
by surgical technique (Fig. 3). Vertebroplasty is based on
injection liquid of the bone cement on matrix PMMA under
pressure to collapsed space fractured vertebra, whereas
kyphoplasty procedure consists of created cavity inside
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vertebral body by means of balloon, and next controlled
filling cavity by semi-cured bone cement (Fig. 4).
Differences  surgical techniques both  procedures
determined differ handling properties to cements [16].
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Fig. 4. Scheme present differences in vertebroplasty and
kyphoplasty techniques [17]

3. Advantages and disadvantages of hone
cement usage on matrix PMMA

For 50 years the most known polymeric bone cement
has been cement on matrix PMMA, which has been widely
used in various medical fields, mainly in orthopaedic
surgery, traumatology and maxillo-facial surgery. In
orthopaedics it is used for example in total join
replacement surgery, vertebroplasty, kyphoplasty and
traumatic surgery. Bone cement is used for fixing and
bonding implants, filling bone defects, stabilizing complex
fractures [18-21].

Requirements concerning mechanical properties of
bone cement depends on what functions will be performed
in the body of the man. Cements which are used for filling
bone defects, must have compressive strength no less than
30 MPA, this value is determined through compressive
strength cancellous bones. In contrast to the bone cements
used for filling defects bone, bone cements used for fixing
endoprosthesis should have much higher compressive
strength worth minimum 70 MPa.

Bone cements irrespective of their use must be
characterized by biocompatibility, good biomechanical
strength and stiffness. Bone cement cannot cause infection
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in the body's environment and have to be radiopaque
because a lot of surgical techniques, in particularly
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vertebroplasty and kyphoplasty are based on fluoroscopy
(Fig. 5) [14].

Fig. 5. Vertebroplasty: (a) insertion of the needle into the vertebral body, (b) X-ray view in the lateral projection, (c) X-ray

preview in the AP projection [15]

At first in 1958 John Charley used self-curing bone
cement PMMA to total hip joint replacement. Since this
surgery, PMMA has been the most common used material
for reduction bone defects during orthopaedic treatment [17].

Treatment using PMMA is giving fast effects and good
mechanical stability within a few minutes. According to it,
PMMA bone cements have been applied in minimally
invasive techniques such as vertebroplasty and kyphoplasty
[14]. Acrylic bone cements have a lot of advantages such
as good handling properties, biointegrity, good bio-
tolerance, appropriate biomechanical properties and
strength. On the other hand this material has disadvantages,
which includes:

e high polymerization temperature,

e cxuding of toxic monomer,

e cement shrinkage,

e shrinkage of cement whereas polymerization process,
e porosity of polymeric materials.

Two-component system bone cement is composed of
liquid component and powder component (Fig. 6). Liquid
phase of acrylic bone cement contains monomer MMA and
inhibitor, while powder contains copolymers MMA,
activator and zirconium dioxide or barium sulphate to
provide radio-opacity. Antibiotics are often added to
composition of cement for example gentamicin to prevent
infections. After mixing the two components, the
polymerization process begins, and with its course self-
cured of the cement occurs.

Polymerization is exothermic process, that causes the
increase of temperature of cement during self-cured
cement, what is very unfavourable from medical point of
view. Polymerization temperature significantly exceeds the
temperature of protein coagulation and may cause to
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necrosis of surrounding tissues. Due to the rapid degree
of polymerization of the cement, its viscosity increases
rapidly, resulting in a short working time (about
2-5 minutes), depending on the temperature of the
components, the environment and the composition. When
the polymerization process is over, the cement temperature
drops and cures. Polymerization process is reaction,
which proceeds according the radical mechanism (Fig.7)
[14,18,22,28].

Bone Cement for Spinal Applications
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Fig. 6. Mainly cement components are liquid monomer
MMA and powder contain copolymers, activator and
radiopacity substances [23]
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Fig. 7. Scheme polymerization reaction initiated benzoyl peroxide [14]

In order to decrease rate of polymerization process, and
thus extended injection time, the cooling operation of the
mixture is carried out, which concerns cooling components
of mixture in the refrigerator 12-24 hours before surgery.
It is noticed that the reduction of the temperature of the
components has a large impact on the rate of the
polymerization reaction [14]. Bone cement on matrix
PMMA count of biotolerance groups of materials because
in cured cement remains around 4-7% unreacted
monomers, which show toxic properties. Polymer without
any additives can be considered bioinert materials,
stabilizers, softeners may cause that materials will show
toxic properties [18,24,25].

Self-curing cement is polymerization reaction, therefore
there is a volume shrinkage while self-curing process of the
cement. Volume shrinkage formed during polymerization
process is theoretically 6-7%, however it is smaller in
reality due to air content. The present air in the mixture
causes higher porosity, as a result there is a decrease
mechanical properties [14]. Effective method of reducing
porosity is homogenization of components mixture in
reduced pressure conditions.

The various additives are also impacted on mechanical
properties and connections. Cement can have Antibiotics
additives as a preventive measure against infections, which
can be appeared whereas surgery. The studies have shown,
that mechanical properties cured PMMA can change
depending on kind and amount of antibiotic. It has been
reported that there are no significant effects on mechanical
properties a smaller amount of antibiotics than 2 g per
cement serving, whereas a bigger amount than 2 g of
antibiotics it can significantly reduce them. The studies also
have shown significantly reduce of mechanical properties
cement mixed with aqueous solution of antibiotic compare
with antibiotic additives as powder [16,26,27].

Cement used in Vertebroplasty and Kyphoplasty is
enriching with radiopaque substances to improve
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visualization of flow whereas injection and quick detection
of possible leakage. However, increased content
radiopaque substances such as barium sulphate or
zirconium dioxide have wunfavourable impact on
mechanical strength. Barium sulphate or zirconium dioxide
agglomerates may initiate fatigue cracking, and thus have
a negative impact on fatigue crashing of cement. In the
conducted studies, in which static and mechanical
behaviour were tested bone cement with a larger content
barium sulphate, it was shown, that addition 10% barium
sulphate in powder per serving of cement are not
significantly impact on its mechanical strength. However,
focused barium sulphate particles, when increasing content
to 30%, it is causing decrease in its tensile strength and
fatigue strength [14,29]. The effect on mechanical
properties of acrylic cement have:

e chemical composition,

external factors for example the ambient temperature,
types and quantities of additives,

e impurities e.g. blood and tissue debris,

aging of the material.

4. Analysis of problems occurring after
surgery

Despite the high efficacy of vertebroplasty and
kyphoplasty treatments, as with any treatment may also
have an adverse effect in the form of side effects and
complications.

4.1. Leakage of cement

One of significant postoperative problem is cement
leakage outside vertebral body. Cement may get out
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through damaged or through venous plexuses to
intervertebral disc (Fig. 8), paraspinal soft-tissues,
episcleral veins or intervertebral holes. Cement leakage
may also cause oppression of the Dural sac or nerve roots.
Roots or meningitis are transient and usually resolve
after pharmacological treatment and standard conservative
treatment. The most serious but rare complication
associated with cement leakage is leakage into the vertebral
canal, which can cause spinal cord damage [10,30],
pulmonary embolism [10,31-38], and cardiac embolism
[39]. The most common leaking of the cement is
asymptomatic [40]. Only one case of permanent root pain
observed in the patient was presented in the literature [41],
while spinal cord injury was reported in two cases that
required rapid decompression. Unfortunately, one of them
ended in permanent damage to the core [42, 43].

Fig. 8. Cement leakage to intervertebral space [49]

In the aim of eliminate to the threats of patient's life as
a result postoperative problems, it is recommended routine
X-rays of the chest after vertebroplasty surgery [43].
Factors affecting cement leakage include, among others,
bone permeability, bone porosity, bone marrow viscosity
and cement viscosity. The cement viscosity is a parameter
that can be controlled and therefore also reduces the risk of
cement leaking out of the vertebral body.

It has been shown that the use of low and medium
viscosity cement increases the possibility of leakage.
Effective stabilization of compression may be achieved
through usage high viscosity cement, and thus minimizing
risk of cement leakage and related in complications in
vitro [44,45]. On the other hand use of high viscosity
cement require using many more injection forces, it may
lead to weaker filling of cavity with cement [46] or
complications such as extravasation marrow to cardiac
system. Viscosity is probably the most important
parameter responsible for cement leakage outside the
vertebral body [46].
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4.2. Changing spine biomechanics and creating
new fractures

Vertebroplasty and kyphoplasty effectively prevent the
occurrence of new fractures within the operated vertebrae.
In literature has been reported only one case of fracture of
the treated vertebra, which, most likely resulted from
applying not enough volume of bone cement to the treated
vertebra [47]. Unfortunately, the increase in the frequency
of vertebral fractures adjacent to vertebrae treated with
cement compare to other vertebrae is worrying. Cracking
of vertebrae adjacent to vertebrae after vertebroplasty and
kyphoplasty procedures may result from increased pressure
on other weakened vertebrae [48].

4.3. Other complications

The polymerization reaction is an exothermic reaction
so the high temperature accompanying cement hardening
can cause thermal damage to the nervous tissue, and
it cannot be ruled out that it is the main cause of pain relief
in treated patients.

There were also noticed rib fracture with patients,
which resulted mainly from advanced stage of osteoporosis
in patients and the position of patient during procedure
[48,49].

5. Development opportunities of acrylic
bone cements

Many research centres in the country and around the
world conduct research to develop cement polymers with
better strength properties, making attempts to introduce
non-polymeric admixtures for acrylic cements such as:
carbon fibres, aramid fibres, polyurethane, polyethylene,
steel and glass fibres, apatite powder, ceramic glass or
starch. The development of polymer composites for
medical applications to obtain better biomaterials as
synthetic bone substitutes is the future direction [18,50].
The main purpose of presented studies are to reduce the
temperature of the polymerization process of cements and
the adverse effect of excessive temperature.

5.1. Ceramic additives

For many years, ceramic materials have been used in
medicine for various types of implants, such as dental
implants or elements of endoprostheses in acetabular
joints. Al,O5 oxide bioceramic, as well as pure undoped
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PMMA, are bio-active materials. Given the high strength
of this material in a wide temperature range, it can be
assumed that the addition of oxide ceramics to polymer
cement can lower the temperature of its polymerization
during curing, which significantly exceeds the
temperature of protein coagulation, and can reduce
polymerization shrinkage without significantly affecting
the mechanical properties. Polymer composites with the
addition of ceramics have a much higher coefficient of
thermal conductivity than wundoped cement [51].
Comparing temperature coefficients for Al,O; a = 32.4 x
10~ m*h, which is much higher than PMMA for which it
has a range of ¢ = 0.1-1.5 x 10° m%h and thermal
conductivity coefficients A which for ceramic are also
higher than for PMMA and are respectively, for Al,O; A =
29-30 W/mK and for PMMA A = 0.19 W/mK, thanks to
which ceramic molecules that do not participate in the
exothermic polymerization process can lower the
polymerization temperature by taking away some of the
heat of the polymerization process [18,52-54].

In manuscripts [53,56-57] attempts have been made to
modify bone cements with ceramic powder with two
different granulations: 10-20 um, particle size similar to the
particle size of the cement powder component, and 0.3 pm
granulation, which aimed to increase the boundary surface
between the admixture particles and the polymer matrix,
causing a higher rate of heat absorption by such molecules.
In the presented research, it has been shown that admixture
of ceramic powder has a positive effect on the volume
shrinkage associated with the polymerization process. The
linear expansion coefficient for Al,O; ceramics has the
range of a = 7.4-7.6 x 10° K' and is much smaller than for
PMMA where a = 60 x 10° K™ which reduces the volume
shrinkage during the curing process of cement mass. In a
study conducted by Balin it was observed that cement
modified with ceramic reduced the linear shrinkage by
about 30%, and this phenomenon was explained by
reducing the percentage of monomer in cement mass and
filling this mass with oxide ceramic particles that inhibit
the cement mass shrinkage [18,54,55].

The addition of ceramic powder influenced the change
of mechanical properties of the tested acrylic bone
cements. There has been a slight increase in the modulus of
elasticity in the conditions of bending, stretching and
compression of the modified surgical cement. The research
shows that cement doping with more than 2 g per 40 g
portion of cement makes it difficult to form cement mass,
which may adversely affect the anchoring of cement in
bone pores. Changes in mechanical properties with small
additions of oxide ceramics are important from the point of
clinical application [18,53-55,58].
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The modification method of the polymer composite and
the change of the heat release conditions should not cause
a deterioration of the strength properties and should not
reduce the durability of cement. Another important aspect
is also the amount of the additive, which should not exceed
a few percent, because larger amounts may increase the
cement viscosity which is unfavourable and may hinder the
process of bone cement implantation. Adding hard particles
to the brittle PMMA polymer matrix favourably enhances
the composite and increases the modulus of elasticity [18].

5.2. Carbon additives

Thanks to the development of the technology of
carbonaceous material structure modification, the use of
this group of materials in implants in reconstructive surgery
increases, as evidenced by the large number of research and
publications related to these materials.

Starting materials to produce one of the glassy carbon
grades are thermosetting resins such as furfuryl alcohol,
phenol-formaldehyde resins or crosslinked polymers.
Glassy carbon is an amorphous variety of carbon. Despite
the fact that it does not have the structure characteristic of
glassy amorphous bodies, it possesses some specific
features of glassy substances, such as brittleness or the
presence of closed micropores. The characteristic features
of this type of carbon is the glassy fracture and the ability
to conduct electricity and heat. Important features of glassy
carbon from the point of view of bone cement supplement
is its excellent biocompatibility. Due to its porosity, it acts
as a scaffolding for bone growth [18,57]. The amorphous
form of carbon has appropriate mechanical properties,
which are suitable for performing the function of a
synthetic bone substitute in the body, in places where
compressive stresses act. Modified cement has excellent
biocompatibility, whereas research on rabbits show that
bone ingrowth in the pores of the glassy carbon implant in
the rabbit organism occurred only after 3 weeks. An
increase in bone density was also observed. Bearing in
mind the specificity of glassy carbon, beneficial for the
organism and for the mechanism transferring the bone-
implant system load, numerous attempts are made to
modify the surgical cement with glassy carbon [60,61,62].

Modification of bone cements with glassy carbon has a
beneficial effect on the polymerization process tempe-
rature, reduction of volumetric shrinkage, improvement
of biocompatibility and reduction of cyclic creep
characteristic of cement on a polymer matrix. When
comparing the thermal properties of amorphous carbon and
PMMA, the formation of PMMA-glassy carbon composite
increases the thermal conductivity ratio as compared to
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undoped PMMA. By combining the thermal conductivity
coefficients of PMMA for which A = 0.19 W/mK, glassy
carbon A = 188-220 W/mK, which is much larger than the
PMMA coefficient itself, it can be concluded that non-
polymerizing glassy carbon molecules can receive part of
the heat during the polymerization process. In research
[63,64], the polymerization process of two BIOMET V and
BIOMMET Plus cements doped with glassy carbon in
different mass shares was investigated. This research
confirmed the beneficial effect of glassy carbon in acrylic
cement on lowering the polymerization temperature having
a negative impact on surrounding tissues, it was also
observed that a larger mass fraction of glassy carbon
reduces the polymerization temperature, shortens curing
time of cement and increases its viscosity which is not
favourable from the point the view of its application to
bones using a pressure applicator. However, after
comparing the linear thermal expansion coefficient, where
for PMMA a = 60 x 10° K™' and for glassy carbon is much
lower and amounts to o = (1.5-3.0) x 10° K, a glassy
carbon admixture added to the bone cement, a decrease in
linear shrinkage by about 34% during curing of modified
cement as compared to unmodified was shown [63-64].
Admixtures of glassy carbon also had an effect on the
mechanical properties of cements. The research showed a
lower plastic deformation capacity of doped cement
compared to unmodified cement. What is more, it was
observed that both modified and unmodified bone cement
showed an increase in the toughness value after ageing in
Ringer's solution, as well as under the influence of X-ray
radiation. In [65,66] it was suggested that the increase in
impact strength of samples aged in Ringer's solution was
explained by the penetration of Ringer's solution with the
increase in ageing time, which caused the monomer to be
released and thus composite plasticity. For samples aged
with X-ray radiation, the increase in impact strength was
explained by the increased monomer release, which was
responsible for the increase in cement plasticity. All
mechanical properties of glassy carbon-modified cements
met the basic requirements for surgical cements [67-71].
The research has also shown that physical modification of
acrylic cement reduces the tendency to creep during cyclic
loads and reduces the tendency to cement cracking [72].

5.3. Additives that improve cement bioactivity

Biocompatibility is an inherent feature of biomaterials,
it means that they cannot cause negative reactions in the
body. From currently applied acrylic bone cements, in
addition to the mentioned biocompatibility, bioactive
features are also expected. Bioactive features in relation to

Vertebroplasty and kyphoplasty — advantages and disadvantages used bone cement of PMMA

Volume 92 ¢ Issues 1-2 * January-February 2019

cements are considered in two antimicrobial approaches
and stimulation of osseointegration. Many current research
is related to the improvement of cement bioactivity, this is
due to the fact that every surgical procedure is associated
with the risk of a bacterial infection. Modification aimed at
changing the properties of bioactive bone cements has to
ensure anti-infective safety during surgery, as well as
during convalescence [18-21,73,74].

Bioactivity in the antimicrobial aspect

Modifications of cement composition to improve
bioactivity and improve bio-functional properties cause
additional complications such as too quick release of
bioactive admixture into the tissue environment,
destruction of modifier by polymerization reactions,
leaching of bioactive additives through body fluids,
resulting in low efficiency of modified cements and a short
therapeutic period. Another important aspect when
modifying bioactive cement additives is the change of
physical and mechanical, as well as functional properties
therefore it is important to carry out interdisciplinary
research on the modified cement [21,75-77]. The literature
has noted the use of wvarious additives to increase
bioactivity in antimicrobial capacity, among others, such as
[76-81]:

e antibiotics,

e silver ions,

e silver nanoparticles,

e copper nanoparticles,
e Xxylitol,

e chitosan nanoparticles.

For antibiotics, the release of the additive depends on
many factors, such as the type of cement, viscosity and
porosity of cement, as well as the method of preparing the
antibiotic, its type and amount [80-82]. Due to the
continuous increase in bacterial resistance to antibiotic
therapy, research is being conducted to search for new
alternative modifications of biomaterials that improve
antimicrobial bioactivity [80,82].

An alternative to antibiotics may be nanoparticles of
metals such as silver and copper [20], and chitosan
nanoparticles. Cement modified with nanometal Ag and Cu
showed bactericidal activity, whereas chitosan nano-
particles prevented the survival of live bacteria on the
surface of cement modified with chitosan [81,82]. On the
other hand, silver nanoparticles are characterized by a
broad spectrum of antimicrobial activity, low bacterial
resistance. It is concluded that microorganisms are unlikely
to develop resistance to silver. Nanoparticles owe bioactive
properties to high activity which is coupled with their
dispersed metallic phase, continuous motion and the
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absence of attached anionic groups. Preliminary research
presented in [81] shows that the addition of 0.5% AgNPs
(Silver nanoparticles) shows an inhibition of biofilm by
83.1% for S. Epidermidis and 76.7% for S. aureus.
However, compared to the biofilm inhibition tests, Kirby
Baura and Time-Kill tests showed the lack of antimicrobial
activity of modified cements against S. aureus and S.
epidermidis. In research [81,83], it was suggested that this
type of AgNPs modified cement is probably ineffective in
situations where active infection is already present, e.g. in
reimplantation. Cement modified with Ag nanoparticles
also showed a slight reduction in the change in mechanical
properties, although the modified material met the
requirements for surgical cement. The addition of silver
nanoparticles also resulted in a two-fold increase in cement
curing time [81,83].

Bioactivity in the osseointegration aspect

Many research centres direct their research towards
improving the bioactivity of cement in the aspect of
osseointegration. The osseointegration process consists in
penetrating the bone cell biomaterial and its proliferation
into pores. This process is long-term, but it allows a
permanent structural and functional connection between
bone tissue and implant [79,84,85]. Polymer bone cement
is a porous material, but its osseointegration with tissues is
very low. Existing commercial bone cements, apart from
the absence of osseointegration, cause major complications
after percutaneous vertebroplasty and kyphoplasty
procedures, such as fractures of adjacent vertebrae,
pulmonary embolism or myocardial infarction. Due to the
lack of osseoconduction of acrylic bone cement caused by
short bioactivity, cement cannot be combined with natural
bone [76,77]. In the aspect of improving osseointegration,
bone cement modifications using admixtures have been
reported in the literature [79]:

e Bioactive ceramics,
e Hydroxyapatite,
e Bioglass.

In vivo research of modified cements with the above-
mentioned admixtures have shown stimulation of the
osseointegration process and improvement of its quality.
Cements modified with bioglasses are the most promising
because they generate extracellular and intracellular bone
tissue responses. Modification of cements with bioglasses
results in a more stable osseointegration process, and
promotes the colonization of stem cells of bone tissue, as
well as soft tissues and their proliferation. The modified
cement shows better bioactivity [79].

Postoperative vertebrae also differ in mechanical
strength. When comparing the modulus of elasticity at
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normal human spinal cord compression, which is 50-800
MPa, [86-88] and the elastic modulus of compression
of the cemented vertebra which is 2000-3700 MPa [89,90],
it can be concluded that the main cause of fractures of
neighbouring vertebrae is pressure on neighbouring
vertebrae through increased stiffness of cemented vertebrae
[91-94]. The decreased modulus of elasticity under
compression and the improvement of bioactivity are shown
in the studies [93,94]. In the literature, attempts have been
made to modify bone cement with mineralized collagen.
It has been observed that the addition of the MC additive,
which shows good osseogenic activity to commercial
surgical cements, significantly improves its mechanical
properties as well as cytocompatibility. Chinese researchers,
Cui and Qui [93-97], conducted in vitro animal tests, which
also confirmed the improvement of the modulus of
elasticity and osseointegration of the modified MC bone
cement. It was observed that new tissues gradually grew
into the porous structure of cement after the absorption of
collagen by the bones. Modified cements showed better
pre-osteoblast proliferation and adhesion compared to
unmodified cements, which increases the ability to bone
cement integration in vertebrae and can effectively protect
against cement being torn from damaged vertebrae. The
decrease in compression of the modulus of elasticity and
the stiffness of the cemented vertebrae results in less
pressure of the treated vertebrae on the adjoining vertebrae,
and at the same time reduces the risk of secondary fracture
of the neighbouring vertebrac. MC modification did not
have a significant impact on the change of handling
properties and the time of cement curing.

6. Conclusions

Transdermal surgical techniques are widely used to
treat compression spinal fractures caused by various
pathologies such as primary and secondary osteoporosis,
hemangioma or multiple myeloma. Vertebroplasty and
kyphoplasty treatments are minimally invasive and at the
same time very effective methods to treat vertebral
compression fracture. Both treatments effectively reduce
pain, although this mechanism is not fully explained. Bone
cement on the PMMA matrix is currently the most
frequently used filling material due to its advantages. It
should also be remembered that current cements available
on the market are not ideal materials and have several
significant disadvantages. The treated vertebral body filled
with cement is much stiffer than untreated vertebrac and
does not undergo elastic deformations which may lead to
fractures of neighbouring vertebrae, whereas high
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polymerization temperature may lead to necrosis of
surrounding tissues. Modification of cement to improve its
functional properties as a filler of spinal compression
fractures is the key to improving the patient's health.
Certain cement properties, such as the polymerization rate
and the cement curing time, can be modified by lowering
the operating temperature or earlier cooling of mixture
components. An ideal modified bone cement should be
characterized not only by good handling properties,
injectability and adequate mechanical strength but it should
also have better biocompatibility, lower polymerization
temperature that does not cause tissue necrosis, and
reduced modulus of elasticity which after curing would
favourably influence stress distribution and prevention of
fractures of neighbouring vertebrae treated segments.
Modifications should also include the ability to integrate
cement with autogenuous bone tissues of treated patients.
Modification of cements with various admixtures such as
oxide ceramics, glassy carbon, mineral collagen or
nanoparticles of Ag and Cu metals may improve defects of
currently used commercial cements.

Vertebroplasty and kyphoplasty can improve the quality
of life of patients and physical activity through mechanical
stabilization of fractures and thermal necrosis of nerve
endings, thus leading to almost immediate and significant
pain reduction.

The need for reconstruction as part of bone surgery
continues to grow as the population ages, so there is an
increase in demand for synthetic orthopaedic materials.
This demand results from the fact that in many cases it is
not possible to perform autotransplantation, due to the lack
of this material or the danger of transmission of infection.
Synthetic materials based on composite structures allow for
better imitation of organic structures through continuous
improvement. Therefore, there is a clear demand of the
market for this type of materials and the need for further
development of these materials and for studies on the
behaviour of various materials and their modifications in
the long-term use.

Physical and chemical modification of commercial
cements used in medicine is a very widely used direction of
currently conducted research works. Addition of cements
with various additives significantly influences the change
of their mechanical and rheological properties.
Understanding these dependencies will help to use them
safely and consciously in different types of injuries of
patients at different ages.

Based on the information in the article, attempts will be
made to dope commercial bone cements with glassy carbon
and mineralized collagen (1-3%) and compared to currently
used commercial surgical cements.
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