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Review Article
A Review of Bone Cements as Injectable Materials 
for Treatment of Bone-Related Diseases: Current 
Status and Future Developments 

Increasing the average age of the population as well as sports injuries, bone-related diseases, 
such as osteoporosis, rupture or damage to cartilage and bone tissues, and bone fractures, has 
dramatically increased the need for repair and joint replacement surgeries. Biocompatible 
materials that are used as prosthetic stabilizers and bone fillers in orthopedic surgery are known 
as injectable bone cement (IBCs). Available clinical IBCs, such as polymethyl methacrylate 
and calcium phosphate cement are the most important of these materials. This paper presents 
the most popular substances for medical use. Although this replacement procedure reduces the 
pain and restores joint function, it is associated with several drawbacks that limit its efficiency 
and effectiveness, and sometimes patients should undergo revision surgeries. Recently, the 
development of the next generation of IBCs, which are bioactive and degradable with good 
mechanical properties, is of great interest. For the long-term clinical performance in cement 
arthroplasty, the next generation of bone cement with far greater mechanical and biological 
properties than acrylic bone cement on the market is required. As a result, new approaches and 
formulas have been developed using various techniques from different disciplines. This study 
summarizes the challenges, developments, and recommendations for the future. For this purpose, 
various literature from databases, such as ScienceDirect, SpringerLink, PubMed, and so on were 
consulted from 2000 to 2020.
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1. Introduction

one is a tissue that is consist of organic 
and inorganic materials with a micro/
nanocomposite structure. The bone matrix 
is composed of collagen as the organic 
phase (about 35% of dry weight), car-

bonated apatite as the mineral phase (about 65% of dry 
weight), and other non-collagenous proteins (stimulating 
microenvironment for cellular functions) [1-3]. The col-
lagen causes bone hardness, viscoelasticity, and tough-
ness, whereas the inorganic phase handles the structural 
strengthening and firmness [1]. The combination and 
construction of the bone, including mineralization, the 
configuration of collagen fibers, porosity, and trabecular 
vs cortical bone architecture determines its mechanical 
properties [1, 4].

Problems related to bones are among the illnesses and 
abnormalities that have become one of the most impor-
tant and serious troubles that should be addressed. Sig-
nificant bone defects can occur for a variety of reasons, 
including fractures because of traumatic osteoporosis 
and skeletal defects resulting from the removal of pri-
mary and metastatic tumors, post-skeletal bone resorp-
tion, complete joint arthroplasty, osteoarthritis of the 
spine, aging, and congenital malformations; as a result, 
people’s daily lives are severely hampered and their 
quality of life is reduced [5-10]. Although the bone tis-
sue incorporates a considerable capacity to recover and 
repair itself, it is not possible to completely and continu-
ously repair itself if the bone defects become more than 
the crucial size. Consequently, their treatment requires 
implementing a proper bone graft at the defect site which 
is a major challenge. Hence, bone tissue replacements 
in surgeries, such as autografts, allografts, and xeno-
grafts are essential to treat such defects [11]. Consider-
ing the problems with using autografts, allografts, and 
xenografts, patients tend to use engineered materials that 
can imitate the properties of the natural bone, thereby 
avoiding further issues. Therefore, artificial materials for 
bone repair have been considered by scientists and re-
searchers. A variety of materials are created individually 
or compositely to meet clinical needs [5, 12-16]. For this 
reason, the creation of various types of synthetic materi-
als has attracted scientists’ and researchers’ attention to 
resolve clinical needs. The following are among the con-
sidered materials as bone cement for bone tissue engi-
neering: various composites (types of organic/inorganic 
composite systems); bioactive glass; absorbable and 
inert ceramics, such as calcium phosphate, calcium sul-
fates, coating; and scaffolds. Also, polymers (biodegrad-

able/non-biodegradable) and metals have been exten-
sively studied as potential materials for repair [17-20]. 

Bone cement is a self-curing chemical compound (syn-
thetic organic/inorganic material) that has been used 
successfully in orthopedic and osteotomy surgeries to 
strengthen and stabilize weak or damaged bones using 
artificial joints (prostheses). In such operations, the de-
fective joint or bone is removed and replaced with a new 
limb. In this way, when replacing a bone or joint, they 
create holes in which the cement is poured. The cement 
hardens after a while like glue and causes the bones to 
completely weld together (Figure 1) [21-28]. The ex-
change of bone constrain to the implant and the implant 
to the bone is the main function of bone cement. The 
cement can reduce the workforce evenly on the bone be-
cause of its desirable stiffness. Considering its long-term 
durability, easy shaping, and self-adjusting properties, 
cement is a strong and reliable anchor material. In ad-
dition, given the negligible auxiliary harm, reduction of 
hospitalization time, and ease of use in clinical practice, 
millions of joint replacements are performed annually 
worldwide, more than half of which use bone cement, 
and this trend is increasing [29-31].

Types of bone cement

Acrylic or Polymethyl Methacrylate (PMMA) based 
cement, Polypropylformite (PPF) based cement, Cal-
cium Sulfate Cement (CSC) (Paris gypsum), Calcium 
Phosphate Cement (CPC), magnesium phosphate ce-
ment, Calcium Silicate Cement (CSiC), Calcium Alu-
minate Cement (CACs), and glass ionomer cement are 
among the currently used materials in the clinic [32-39].

Acrylic cement or polymethyl methacrylate based cement

Acrylic or PMMA-based cement is the oldest and most 
famous group of bone cement [40] and has various appli-
cations in dentistry and optometry. PMMA microspheres 
have been used to strengthen soft tissues for body fat atro-
phy and facelift [41]. It is also widely used in orthopedics 
to fix prostheses to bones. PMMA has many advantages, 
including biological ineffectiveness, ease of operation, 
significant mechanical strength, and affordability; hence, 
it is considered an ideal bone cement [41, 42].

Polypropylformite based cement

PPF is one of the synthetic polymers used in bone tis-
sue engineering for pre-clinical applications. Therefore, 
the applications of PPF-based materials in cardiac tissue 
engineering, ophthalmology, drug delivery (Figure 2), 
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and neural tissue engineering have been investigated. In 
recent years, advances in synthetic methods, scaffolding, 
and agent fabrication, especially in 3D printing tech-
niques (e.g., stereolithography [SLA] and continuous 
digital light processing [cDLP]) have created new oppor-
tunities in the use of PPF-based materials (bone regenera-
tion and drug delivery) (Figure 3) [10].

Calcium sulfate cement 

CSC (plaster of Paris) is an alternative (superseded) 
material for use in bone grafting in different places. CSC 

has a long clinical history. It can be used in the transpor-
tation of drugs, and growth factors, or as a soluble addi-
tive to adjust the porosity or the rate of biodegradation 
when combined with other biological materials [43, 44]. 

Calcium aluminate cement

In the late 1990s, the use of CAC as an alternative to 
amalgam for tooth restoration was introduced by the 
Swedish company Doxa Certex AB. Recently, its appli-
cations in orthopedics have also developed [38].

Figure 1. Illustration of femoral head screw consolidation
A: Maintenance of fracture fixation with metal bolts in healthy bone stock; B: The possibility of the venture of loosening the 
implant and movement of the fracture in the osteoporotic bone; C: Reinforcement around osteoporotic bone using injectable 
bone cement (green) and lowering the venture of fracture movement. Color figures are available online at http://www.fu-
turemedicine.com.
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Figure 4. Commercial bone cements

Calcium silicate cement

CSiCs are among the injectable materials that can be 
used in endodontic treatment. Mineral trioxide aggregate 
(MTA) consists of tricalcium silicate, dicalcium silicate, 
Tricalcium Aluminate (TCA), tetra calcium alumino-
phyte, and calcium sulfate, along with bismuth oxide as 
the radiopacifying agent. The paste created as a result of 
the combination with water can be molded at the implant 
site [37]. 

Calcium phosphate cement 

CPBCs are compounds used in the body during the 
osteogenesis process. Scaffolds made using calcium 
phosphate can be applied in dentistry and orthopedics 
[19, 45]. The first calcium phosphate bone cement was 
invented by Brown and Chow in 1987. The clinical po-
tentials of calcium phosphate material further increased 
because of its properties, such as low curing tempera-
ture, proper degradability, passive/active assimilation, 
the capability to turn into bone within months to years, 
non-toxic end products, intrinsic microporous structure 
(their porosity is approximately 30-50), non-shrinkage 
of the cement during the hardening process, and inject-
ability [34, 37, 38, 42, 45-48]. In addition, CPBCs are 
considered a clinical alternative to traditional bioceram-

ics and potentially serve as an ideal filler for vertebro-
plasty and balloon kyphoplasty applications, as well as 
in oral and maxillofacial surgeries, and the implantation 
of periodontal implants and pulp and mineral polish of 
teeth [34, 41, 49, 50]. So far, hundreds of CPBCs, with 
different formulations have been developed to create 
new and injectable biomaterials [5].

Magnesium phosphate cement

MPC is another group of bioactive and degradable 
injectable bone cement. Yang et al. mixed CaS powder 
with magnesium phosphate (MgP) to form CaP/MgP 
bone cement [51]. 

Glass ionomer cement 

Glass ionomer cement is one of the materials used in 
dentistry [52-54]. This cement was introduced according 
to the standard of the International Organization for Stan-
dardization as a glass poly-alkenoate cement [55]. Glass 
ionomers were invented in the late 1960s by Wilson and 
colleagues at the LGC Laboratory in London to replace 
silicate cement [56]. The first cement with good proper-
ties was known as G200, and it was produced from this 

Figure 3. Chemical structure of polypropylformite 
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glass; it was known as ASPA I [57]. ASPA II cement was 
introduced by making changes in the glass formulation by 
adding tartaric acid. Glass ionomer cement has evolved 
over the past few decades and various components have 
been added to the system as reinforcements [58].

Glass carbomer

Glass Carbomer is a new commercial ionomer glass 
material whose biocompatibility has increased com-
pared to conventional ionomer glass cement. This mate-
rial is made by GCP Dental in the Netherlands [59].

Chemical composition and chemistry of bone ce-
ment

Bone cement is a self-curing system that is available 
on the market as two-component materials (liquid phase 
in a dark ampoule and solid phase as a white powder 
in a sterilized pack. The solid phase is then mixed in 
the operating room) (Figure 4) [32]. Different types of 
bone cement have been developed and are commercially 
available [24, 31, 60-62]. These formulas have been op-
timized over the years to provide the best in vivo per-
formance [40]. The components of each cement are as 
follows:

Acrylic or Polymethyl Methacrylate: The solid phase 
consists of granules (spherical particles) of poly (meth-
yl methacrylate) prepolymer (PMMA) and/or Acrylic 
Acid (AA) copolymers (ethyl acrylate [EA]); Methyl 
Acrylate (MA); MMA and styrene initiator benzoyl 
peroxide (BPO); or Tri-N-Butyl Borane (TBB) (in the 
commercial product Bonemite); radiopaque agent (radi-
opacifiers) as X-ray contrast agents containing mineral 
compounds, such as soul powders barium, zirconium 
dioxide, tantalum, and tungsten. The liquid phase (liquid 
part, liquid component) consists of MMA monomer (bu-
tyl methacrylate), N-decyl methacrylate (DMA) or iso-
bornyl methacrylate (IBMA) as comonomers, accelera-
tor (activator) mainly N, N-dimethyl -p-toluidine (DMT) 
or 2- (4-dimethlylamino) phenyl ethanol as a hydroqui-
none inhibitor or di-tert-butyl-p-cresol and sometimes a 
cross-linking agent as Ethylene Glycol Dimethacrylate 
(EDGMA) [31, 37, 40-42, 46, 49, 63, 64].

Occasionally, dyes or pigments, such as chlorophyll or 
methylene blue are added to stain bone cement so that 
bone cement can be easily identified after surgery [46, 65]. 

Calcium Phosphate Cement: The solid phase compris-
es calcium phosphate (one or more compounds) (CaP) 
(e.g., calcium phosphate dihydrate + tetra calcium phos-

phate (CPD+TTCP), monocalcium phosphate mono-
hydrate + β-tricalcium phosphate [MPCM + β-TCP], 
and α-tricalcium phosphate + monocalcium phosphate 
monohydrate + calcium oxide + hydroxyapatite [α-TCP 
+ MPCM + CaO + HA]). The radiopaque agent as an 
X-ray contrast agent contains mineral compounds, such 
as barium sulfate powders, zirconium dioxide, tantalum, 
and tungsten.

The liquid phase consists of water or an aqueous solu-
tion, containing calcium or phosphate, dilute phosphoric 
acid, saline, or immiscible liquids with water or ovine 
whole blood [5, 42, 46].

Calcium Sulfate Cement: The powder phase is calcium 
sulfate hemihydrate, because of the combination of the 
powder phase of calcium sulfate hemihydrate with a di-
luent (water), calcium sulfate dihydrate is obtained. It 
has a paste or putty with a solid or semi-solid structure 
and hardens after approximately 5 min. MIIG X3 is one 
of the most popular and widely used available brands 
[39].

CaSO4.0.5H2O +1.5 H2O → CaSO4.2H2O

Glass Ionomer Cement: Glass ionomer cement is com-
posed of silica, alumina, calcium fluoride, a polymeric 
acid (containing the carboxylate group), water, and some 
complexing agent (tartaric acid) [55, 66-68]. 

Glass Carbomer Cement: Glass carbomer cement’s 
components are glass powder and silicone oil contain-
ing polydimethylsiloxane, whose structure is linear and 
includes hydroxyl groups [59].

Preparation of bone cement

As mentioned previously, the most available bone ce-
ment on the market consists of two parts: a package that 
contains PMMA powder and an ampoule that contains 
monomeric MMA liquid. To prepare the cement, solid 
and liquid phases are mixed in a container, usually at 
room temperature. For this purpose, the bag containing 
the powder is cut with sterile scissors and its contents are 
transferred to a container. Then, the contents of the am-
poule are added and mixed until a homogeneous paste 
is obtained (1 to 3 min). Subsequently, a vacuum and 
or centrifuge is applied to the mixture until the gas bub-
bles are created during mixing and polymerization are 
removed. Also, by reducing the porosity of the cement, 
the quality of the cement is improved. Finally, the dough 
is put in the specified area by the surgeon (Figure 5A-C)
[49]. As soon as the liquid and the powder are combined, 
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a chemical reaction occurs in the form of polymerization 
for PMMA and crystallization for CPC and CSCs, and 
finally, a solid structure is formed in vivo [37, 40, 42] 
which is known as cold curing. 

The setting process is classified into four stages: 1) 
mixing stage 2) waiting stage 3) working stage (manipu-
lation/use of cement), and 4) hardening stage [31]. Each 
stage has a different duration that can vary depending on 
the characteristics of the cement manufacturer [42, 64, 
69-71]. The steps for making the cement paste are shown 
in Figure 6 [42].

Molecular structure and polymerization reaction

Chemically, upon mixing the two components and per-
forming the reaction between the initiator and activator, 
primary free radicals are produced, and subsequently, the 
polymerization process is carried out. Initiation, propa-
gation, and termination are the stages of the free radi-
cal polymerization process. The ability of bone cement 
to perform such a process allows it to self-cure. Figure 

7 depicts the schematics of the reaction mechanism of 
ABC [31, 40, 42, 49, 64, 72].

Factors affecting the curing process of acrylic bone 
cements

ABC brands may be similar or different in character-
istics, such as chemical composition, the particle size 
of prepolymerized PMMA in powder, the particle size 
distribution of powder, molecular weight of the powder, 
and cured cement [49]. The chemical composition of the 
cement is one of the factors that affect the cement curing 
process. However, relative humidity, room temperature, 
thermal changes during cooking [40, 49, 64], initiator/
activator ratio [40], solid to liquid ratio [31, 40, 42, 49, 
64], changes in radiopacifier [40], mixing frequency, 
time of placement in the bone cavity, and the thickness 
of the cement are the other factors that affect the cement 
curing process [64]. Changing the initial chemistry [40]
of PMMA bone cement improves some of the properties 
of the cement; however, adverse effects on other proper-
ties are likely to occur in the process. The polymerization 

Figures 5. Preparation of cement dough
A: Opening of the powder part; B: Introduction of powder into a sterile bowl; C: Addition of liquid part. 

Figure 6. Schematic diagram showing a typical curing curve for PMMA bone cements where Tmax is the maximum tempera-
ture reached, Tset is the setting temperature and Tamb is the ambient temperature 
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curing parameters of acrylic bone cement which include 
various characteristics, such as the range and values of 
paste time, settling time, and peak temperature are fully 
described in ASTM F451-86 specifications for medical 
and surgical devices and materials [64].

Properties required for clinical applications

An IBC is desirable for use in bony defects, particularly 
in areas with high load bearing when it has the following 
characteristics [37]: 1) simple injection and persistent 
monotony during injection; 2) proper setting time after 
the combination; 3) slight hazard of necrosis; 4) having 
suitable mechanical properties (tensile, compressive, 
and shear strength) according to the characteristics of the 
desired area, including the amount of load bearing and 
the amount of movement; 5) resemble firmness to the 
encompassing bone; 6) excellent, great, supreme, or su-
perb radiopacity (or radiodensity); 7) biological activity; 
8) proportionality of the rate of absorption and the rate of 
tissue formation; 9) adequate micro-porosity (<100 μm) 
and macro-porosity (more than 100 μm) for the convey-
ance of nutrient/waste, angiogenesis, cell migration, and 
high performance of drug delivery within the bone repair 
process; 10) osteoconductivity and osseointegration. Of 
all the studies performed, only a few types of cement 
have shown in vivo performance. IBCs should create a 
texture around the spongy bone and be able to mold to 
the shape of the defect during the injection. In addition 
to not interfering with the healing process, IBCs must be 
biologically suitable for new bone growth at the implant 
site. Simple manipulation is also extremely important 

for the economic fulfillment of alternatives to injectable 
bone grafting [5, 20, 31, 39, 64]. 

The mentioned parameters are also applied to the clini-
cal applications of calcium phosphate bone cement [34].

Drawbacks of polymethyl methacrylate bone ce-
ments

PMMA cement was first used as a bone substitute 
and had a positive incentive for progression in artificial 
joints [5]. However, there are some potential problems 
and risks that need to be addressed: 1) exothermic reac-
tion during polymerization reaction (varies from 80°C 
to 124°C) [33, 34, 40, 49]; 2) the presence of residual 
monomer and leakage of monomer without reaction into 
the surrounding tissues [31, 34, 37, 40, 42, 49]; 3) it has 
been found that radiolucent bone cement has decreased 
the mechanical strength of PMMA and CPC; 4) porosity 
is widely discussed in bone cement fractures [40, 73]; 
5) shrinkage of cement during sintering of bone cement 
[40]; 6) sterilization, in turn, has a detrimental effect on 
fatigue performance and cement failure resistance [40]; 
7) insufficient mechanical and biological properties [31, 
37, 40, 41, 42, 49, 74].

Improving the ingredients of bone cement 

By investigating some of the causes of breakdown in 
PMMA bone cement, the focus is on techniques that can 
fix the problems. Therefore, there is a constant interest 
and need to develop a new generation of bone cement to 
overcome the limitations of current commercial cement. 

Figure 7. Reaction mechanism of ABC polymerization
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Over the past 25 years, much research was carried out 
on bone cement. It is specified that PMMA with various 
additives gives the mixture a set of physical, chemical, 
and biological properties [33, 42, 49, 62, 76]. Nanotech-
nology can also be used to augment the characteristic of 
bone cement. Given that the number of studies conduct-
ed in this field is limited, so much advancement can be 
expected [31, 75]. The increasing popularity and desir-
ability of nanomaterials for the development of cement 
are because natural bones (such as human thigh bones) 
are composites made up of nanometer components [37, 
40, 41]. It is necessary to mention that any change or 
modification in a specific feature or parameter should 
not negatively influence other properties and adding 
any substance to improve some of the features should 
be done with consideration of other features [34] (Figure 
2). In recent years, methods for synthesizing, functional-
izing, and manufacturing additives have greatly evolved, 
but more research is ongoing to develop clinical applica-
tions and reduce the side effects of using them. 

Additives to reduce the processing temperature

The search to overcome the problem of high tempera-
tures and adverse biological effects led to the design 
and manufacturing of a new formulation of bone ce-
ment called Boneloc (polymethyl methacrylate / n-decyl 
methacrylate / isobronyl methacrylate). Other studies 
have also shown that the addition of nanomaterial MgO 
particles (average diameter less than 50 nm) to PMMA 
powder increases the thermal conductivity (consequent-
ly, the reaction with less exotherm) [40, 49]. 

Bioactive osteogenic agents

Various biologically active factors, such as bone mor-
phogenic proteins or growth factors (growth hormone, 
beta growth factor, and insulin growth factor) [34, 76]; 
rhTGF-81 factor [34], bone marrow collagen [42]; ionic 
additives, such as calcium (Ca2+), silicon (Si2+), mag-
nesium (Mg2+) and strontium (Sr2+) [37, 40, 42, 46, 
76, 77], and titanium dioxide (TiO2) [31, 40, 46] can 
improve biocompatibility, ossification properties, co-
herence, proliferation, and differentiation of inherently 
biological inert substances. Recently, the consequences 
of the research have proven that the mixture of nanopar-
ticles, including alumina and titania SiO2, MgO, BaSO4, 
and ZrO2. Meanwhile, the surfaces of biomaterials have 
enhanced cellular activity compared to the surfaces with 
microparticles [37].

Hydroxyapatite (HA) [31, 33, 42, 49, 63, 73], foams 
containing self-adjusting gelatin HA, injectable cement 

made from HA deficient calcium, and foamed gelatin 
[37, 42] as well as nHA in biological IBCs, either inde-
pendently or mineralized on CNTs or collagen or other 
materials have been proposed to treat bone defects and 
have been shown to promote bone growth [37]. 

Calcium phosphates [34, 37, 49, 76] and their en-
hanced forms are obtained by adding various ions, such 
as Si, Mg, Sr [5, 46], and polycations, such as poly (eth-
yleneimine) and poly (allylamine hydrochloride [49]. In 
addition, some compounds, including proteins, polysac-
charides (chitosan) [46, 78], Salt-Hydroxypropyl Meth-
ylcellulose (Si-HPMC), Silk Fibrin (SF) [46], fibers (fi-
ber C and glass phosphate), or polymers (polylactic acid 
[PLA]) [37, 42, 46, 79] have been used in bone repair. 

Recent research has shown that silicate-based bioc-
eramics (such as akermanite) possess excellent mechani-
cal properties, such as osteoinductivity, and osteogenic 
and angiogenic differentiation in vitro (such as a variety 
of stem cells, bone marrow stromal cells, adipose-de-
rived stem cells, periodontal ligament, and human aortic 
endothelial cells) [80]. Other types of bioactive ceram-
ics, such as bone cement containing apatite and wollas-
tonite (AWC) [41, 49], cement containing tri-ethylene-
glycol-dimethacrylate (TEGDMA), and PMMA/silica 
nanocomposite [33] have been used.

Various features, such as remarkable biological com-
patibility, bioactivity, and osteoinductivity have made 
bioactive glasses (BG) to be considered one of the most 
encouraging synthetic materials for bone repair [37, 
41-43, 49]. Different types of bioactive glass and their 
composites (such as 45S5, Ceravital, A / W glass ceram-
ics, polyethylene-bioactive glass mixtures, polysulfone-
bioactive glass, and polyethylene-hydroxyapatite Hopex 
[11, 33, 41, 43, 49] are used for orthopedic or dental ap-
plications. 

Antimicrobial additives 

Microbial contamination after bone cement implanta-
tion, especially after joint arthroplasty surgery is one of 
the considerable concerns of surgeons [37, 74]. In an at-
tempt to solve these problems, antimicrobial agents or 
antibiotics (such as gentamicin, penicillin, erythromy-
cin, vancomycin, temocillin, tobramycin, cefuroxime, 
colistin) [34, 40, 42, 49, 74, 76, 81], bacteriocins [62], 
as well as nanoparticles in the form of nanospheres, 
nanosheets, nanofibers or nanotubes, [74, 82] including 
silver nanoparticles (n-Ags) [37, 76], gold nanoparticles 
[62, 74], chitosan nanoparticles [37], PMMA nano-
composites containing 2D MgP nanofibers, and 1D HA 
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nanofibers [74] have been used as additives in the bone 
cement mixture.

Additives for self-healing 

In nature, there are self-healing substances that can 
restore their shape and function in part or whole after 
re-injury. Spontaneous repair of skin tears or repair of 
broken bones are examples of such substances. Recent-
ly, there has been extensive research into the production 
(manufacturing) and development of self-healing ma-
terials. During the last 10 years, plenty of studies have 
been performed on numerous self-healing polymeric 
biomaterials and hydrogels for clinical applications. In 
addition, various materials, such as encapsulated 2-Octyl 
Cyanoacrylate (OCA), and apatite cement with C-fiber 
reinforcement have been added as additives to the cur-
rent bone cement composition [76, 79]. 

Additives for radiopacity

As mentioned earlier, adding radiopaque materials may 
have disadvantages [49, 64]. A new generation of acrylic 
bone cement with mechanical properties and long-term 
clinical performance is required. For this purpose, vari-
ous studies have been conducted on the synthesis of 
reinforced cement with various additives [29]. Organic 
compounds of bismuth, such as bismuth triphenyl [30, 
37, 64], Bismuth Salicylate (BS) [40], alumina particles 
[30], x-ray opaque iodine-containing 2- (2, 3,5-tri-iodo-
benzoyl) ethyl methacrylate (TIBMA), 3,5-dihydrin sal-
icylic methacrylate (DISMA), 2- (4-Iodobenzyl) -oxo-
ethyl-methacrylate (4-IEMA), 2, 5-dihydro-8-quinolyl 
methacrylate (IHQM), Iodo-Hexol (IHX), and iodine 
xanol (IDX), in the liquid part of bone cement have been 
investigated [30, 64]. In addition, other biocompatible 
nanoparticles [31, 37, 40, 41], such as iron oxide, alu-
mina [37], strontium-modified titanium nanotubes [41], 
and tantalum pentoxide [49] have been proven to en-
hance IBC radiopacity.

Improving mechanical performance

Researchers have made many efforts to improve me-
chanical properties and have used various additives for 
this purpose. For instance, a small amount of graphite 
fiber [49], aramid fiber and carbon [31, 49], Ultra-High 
Molecular Weight Polyethylene Fibers (UHMWPE) [31, 
49], or PMMA fibers [49], metal alloys stainless steel 
and vitallium in the form of wires, 316L stainless steel, 
short fibers, zirconia fibers (ZrO2) [31], Kelvar fiber -29, 
Bone particles titanium [31, 49], stainless steel ferrous 
compounds (magnetite) [41, 42] (new ferrous biphasic 

porous apatite cements modified with iron/alpha trical-
cium phosphate [IM / α-TCP]), and calcium sulfate di-
hydrate (CSD) (IM / α-TCP / CSD-BC) [50], biopoly-
mers, such as chitosan, cellulose, collagen, and so on 
[34, 42, 76, 78] to the acrylic cement matrix have been 
reported. The use of nanoparticles and nanofibers is an-
other way to improve the mechanical properties of IBCs 
[37]; for instance, titanium nanofibers and nanotubes 
[31, 63], nano-sized titanium particles [31], Other nano-
tubes [31, 40, 41, 76], organically Modified Montmoril-
lonite (MMT) nanoparticles [31, 37], calcium carbonate 
nanoparticles (Colacryl B866) [37], micro and nano alu-
mina fillers [41, 74].

Novel formulations

Multi-material cement

As previously mentioned, the use of single materials 
faces problems. Therefore, various multi-material ce-
ment has recently been designed with the characteristic 
feature of combining the benefits of different materials. 
Cortoss™ Cerament™ from Bone Support AB, Ky-
phOsFS™, and ActivOs™ from Medtronic are good 
examples of such composite cement with enhanced 
properties. Some of the properties of Cortoss are 1) low 
viscosity 2) the use of a non-vaporizable liquid mono-
mer which after combination turns into a paste with the 
consistency of toothpaste and maintains this state until 
it polymerizes (quickly within a few seconds), 3) the 
slight exothermic temperature within the polymerization 
process (setting reaction) (~63 °C), \4) module near the 
spongy bone, 5) good biological activity, and 6) ability to 
create a cement-bone interface which is reinforced dur-
ing the time, and the bone can be placed on that surface 
without any fibrous interference [83].

Drug-loaded bone cement

CPCs as bioactive substances [42] include gene or ion 
transport carriers (e.g., calcium, phosphate, strontium, 
silicate, zinc, and magnesium); various proteins (bone 
morphogenetic protein family [BMP]); growth factors, 
such as vascular endothelial growth factor (VEGF); pep-
tides platelet-rich plasma (PRP), bone marrow autolo-
gous concentrate (BMC) [5, 34, 40, 42, 45, 46, 82, 84]; 
and drugs, such as bisphosphonates for the treatment of 
osteoporosis [34, 42, 45, 46], antibiotics [45], anticancer 
drugs (DOXO) and agents to control osteomyelitis [41, 
85], analgesics (bupivacaine or ropivacaine, contrast 
agents [46], radiopaque agent Xenetix [42, 46], plasmids 
or small interfering RNAs (siRNAs) RNAs [46]. nHA 
is also considered a drug carrier for alendronate (hydro-
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philic drug) and can also improve drug encapsulation ef-
ficiency in injected PCL microspheres [37]. 

Gel-Based injectable materials with in-situ poly-
meric transverse connection

The injection of gel-based materials is another new 
system designed for in vivo freezing. For example, the 
relatively new materials are polyethylene glycol (PEG), 
polycaprolactone (PCL), PEG, poly (lactic-co-glycolic 
acid), PEG, polyvinyl alcohol-acrylamide, and alginate-
based on in situ polymer gels. These materials were orig-
inally used in controlled drug delivery, but have other 
bone and cartilage repair applications. Also, another 
function of these gels is the efficient transfer of nutrients 
and waste during the bone regeneration process, which 
is due to the special structure of these gels that act as 
porous channels in situ [37].

2. Conclusion

Although many years have passed since the discovery 
of these cement, a supreme IBC that fulfills all clinical 
needs has not been created, and there are still many issues 
to consider. Hence, bone cement research has focused on 
improving the quality and eliminating or reducing the 
undesirable side effects of bone cement. In this regard, 
efforts are made to modify them and achieve their de-
sirable properties by adding various materials, including 
common acrylate polymers, fibers, antibiotics, mineral 
components such as HA, bioactive glasses, rare ele-
ments, biological agents, and nanostructured materials. 
Various studies have shown that there is a very delicate 
balance in changing chemical composition. Therefore, 
researchers should be careful to check all the properties 
before any application, because increasing any additive 
may cause change (increase/decrease) in other proper-
ties. As a result, this study was conducted to investigate 
new techniques to help prevent the failure of cemented 
joint replacement. Recent advances in technology in the 
development of vertebroplasty or balloon kyphoplasty 
methods rely on creative ideas and have highlighted the 
need for interdisciplinary collaboration. Advances in this 
area have provided opportunities to improve biomateri-
als with more sophisticated functions and use new ap-
proaches. In addition, if achieved, these improvements 
will not only reduce the burden of health care services 
but also improve the patient and improve the quality of 
life after surgery. Given these issues, there is great po-
tential for further development, and complete alternative 
materials are still on the way. A very promising future 
can be imagined.

Recommendations for clinical research 

- The use of other new additives and their adjustments 
with a more detailed examination of the properties ac-
cording to each of the challenges mentioned to improve 
the properties of bone cement.

- In vivo studies of small animals can be performed to 
understand better biocompatibility, mechanical strength, 
and ossification potential, followed by controlled clinical 
trials in humans to demonstrate clinical efficacy. For a 
definite conclusion, research based on similar objective 
parameters is needed.

-Long-term follow-up of bone cement in human par-
ticipants.
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