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ABSTRACT: The ﬁrst use of polymethyl methacrylate (PMMA) as a dental device was for the
fabrication of complete denture bases. Its qualities of biocompatibility, reliability, relative ease
of manipulation, and low toxicity were soon seized upon and incorporated by many diﬀerent
medical specialties. PMMA has been used for (a) bone cements; (b) contact and intraocular
lens; (c) screw ﬁxation in bone; (d) ﬁller for bone cavities and skull defects; and (e) vertebrae
stabilization in osteoporotic patients. The many uses of PMMA in the ﬁeld of medicine will
be the focus of this review, with particular attention paid to assessing its physical properties,
advantages, disadvantages, and complications. Although numerous new alloplastic materials
show promise, the versatility and reliability of PMMA cause it to remain a popular and frequently used material.
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I. INTRODUCTION

Vulcanite, also known as ebonite or hard rubber, was
a standard denture base material for many years. Its
chief disadvantage was its lack of esthetic qualities;
it was completely opaque to light, and therefore it
did not exhibit the translucence necessary to simulate gingival tissues.¹ This disadvantage prompted
the development of a wide range of thermoplastic
polymers as alternatives.² Of particular interest to the
dental ﬁeld was the development of acrylic chemistry.
Acrylic acid and its derivatives were well known by the
1890s; however, it was not until 1901, with the availability of solid, transparent polymers of acrylic acid,
that this ﬁeld started to emerge. Derivatives of acrylic
monomer, methyl, and ethyl acrylate were developed
that produced perfectly clear solid polymers.³
In 1931, commercial production of the harder
polymethyl methacrylate (PMMA) occurred, with
introduction of Plexiglas® in sheet form.³ By 1937,
this material was also available in granules and molding powders.⁴ Neurosurgeons began using PMMA
during World War II for cranioplasties because of its
strength and light weight.⁵ By 1946, PMMA materials represented approximately 95% of the denture base
market.⁴ It was not until after World War II that self
curing or so-called “room-temperature polymerization” was made available on a wide basis.⁶ Medical
research rapidly progressed until in the 1950s PMMA
was used for the ﬁxation of orthopedic prostheses of
femoral bones.⁵
Continuous medical research has led to the expansion of PMMA use in several areas. Some of the
most common uses of PMMA have been: (a) bone
cements; (b) contact and intraocular lens; (c) screw
ﬁxation in bone; (d) ﬁller for bone cavities and skull
defects; and (e) vertebrae stabilization in osteoporosis
patients.⁶ PMMA’s use throughout the dental profession exploded during the 1950s and 1960s. Not
only was PMMA used in the fabrication of complete
and removable partial dentures, but it was also used
in the fabrication of acrylic temporary crowns and
bridges, orthodontic appliances, external ﬁxation of
mandibular fractures, and maxillofacial prostheses
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such as maxillary obturators in cleft palate patients
and intraocular prostheses.

II. PHYSICAL PROPERTIES

Most modern denture base resins are polymerized by
heat activation, which produces free radicals that initiate and propagate the polymerization of the methyl
methacrylate monomer.⁷ Dentures are placed in a
metal ﬂask and invested with a gypsum product. The
denture ﬂask is submerged in a tank of water heated
to 73.9 °C and cured for 12 hours. The induction system most commonly used in medicine is chemically
activated (cold cure) at ambient room temperature.
Such systems consist of at least two reactants that,
when mixed together, undergo a chemical reaction that
generates free radicals. Chemically induced systems
consist of two or more parts that must be kept separate
during storage.⁷ An example of such a system is the use
of a tertiary amine such as dimethyl-p-toluidine (the
activator) and benzoyl peroxide (the initiator), which
are mixed together to initiate the polymerization of
so-called “self-cured” resins at room temperature. This
process, in fact, is a special case of heat activation, because the presence of the amine reduces the thermal
energy required to break the initiator into free radicals
at ambient temperature.⁷
When pure methyl methacrylate monomer is polymerized, the density changes from 0.94 grams per
cubic centimeter to 1.19 grams per cubic centimeter.
This change in density results in a volumetric shrinkage of 21%. PMMA by itself is not used to a great
extent. Rather, the liquid monomer, methyl methacrylate, is mixed with powdered PMMA polymer in
a 1:2 to 1:3 ratio.⁸ The monomer partially dissolves
the polymer to form a plastic dough. By using prepolymerized polymer, the volumetric shrinkage is
reduced to 5–7%.⁷,⁹ It can be calculated on this basis
that the acrylic should shrink linearly approximately
2%. The growth of the polymer chain ceases when the
reactive center is destroyed by a termination reaction.
The entire addition polymerization process can be
pictured as a series of chain reactions. The process
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occurs almost instantaneously. Any impurity in the
monomer that can react with free radicals inhibits
or retards the polymerization reaction. The length of
the induction period is inﬂuenced by the presence of
inhibitors as well as the degree of polymerization. A
small amount of inhibitor, such as methyl ether or
hydroquinone, is added to the monomer to inhibit
spontaneous polymerization. The reaction is exothermic, and considerable amount of heat is released.⁷

III. MEDICAL USES
III.A. Orthopedics

PMMA has multiple uses in the ﬁeld of orthopedics. It was ﬁrst introduced as bone cement in the
early 1960s by Charnley and Smith.⁵,¹⁰ It has been
used widely in joint replacement surgery to ﬁll the
space between prostheses and the surrounding bone.
A recent publication documented the ﬁrst PMMA
cemented hip implant that had survived for longer
than 50 years.¹¹ PMMA is not a true adhesive, but instead it mechanically interlocks with the surrounding
cancellous bone.¹² Although there have been tremendous advances in joint technology for the treatment
of hip and knee arthritis, the use of PMMA bone
cement has changed little since Harris’s description
of the third-generation cement technique. The use of
PMMA as a bone cement is still a critical element
in joint replacement.¹³ Research is continuing for
ways to decrease the toxicity of bone cements and to
improve the integration of implants to bone through
the introduction of additives to PMMA.
With the increase in the elderly population within
the United States, hundreds of thousands of elderly
patients are hospitalized each year due to severe pain
caused from osteoporotic vertebral body compression fractures (VCFs). Thrombosis and pneumonia
are common complications from osteoporotic compression fractures. Vertebraplasty and kyphoplasty are
percutaneous techniques that have been successful in
treating painful osteoporotic compression fractures.
In 2002, approximately 38,000 vertebroplasties and
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16,000 kyphoplasties were performed in the United
States.¹⁴ Both procedures have been shown to decrease bed rest, narcotic analgesia use, and the need
for bracing. PMMA bone cement is injected through
an 11-gauge spinal biopsy needle under radiographic
guidance into fractured and collapsed vertebra ﬁlling
the voids. As the bone cement hardens, the vertebrae
are sealed and stabilized, resulting in a reduction in
pain in 70–90% of patients.¹⁵
Kyphoplasty is similar to vertebroplasty in that
it internally stabilizes osteoporotic VCFs, which
decreases pain and improves function. Kyphoplasty
has the ability to reduce osteoporotic fractures and
thereby improve spinal alignment by using an inﬂatable balloon (Kyphon, Inc., Sunnyvale, California is
the sole supplier of equipment for kyphoplasty.)¹⁵
Fracture reduction is achieved by using the inﬂatable balloon to create a void within the vertebral body
that allows for the injection or placement of PMMA
in a thick, doughy state under low pressure, thereby
reducing the risk of emboli and extrusion outside the
vertebral body. Kyphoplasty provides the beneﬁts of
vertebroplasty, but it also permits the surgeon to improve spinal alignment and reduce spinal deformity
as well as decreasing the morbidity associated with
kyphosis and loss of height.
Kyphoplasty is almost always performed under
general anesthesia and requires overnight hospitalization for observation. In contrast, vertebroplasties are
generally performed as an outpatient procedure with
local anesthesia. Both procedures can be relatively safe
and provide a similar decrease in pain, but kyphoplasty
is more costly as a result of hospitalization, special
equipment, and anesthesia.
PMMA is also used to reconstruct and stabilize
the spine after vertebral body (VB) resection of a
metastatic tumor. VB defects are reconstructed using
bone autograft or allograft, PMMA, and interbody
spacers and/or cages.¹⁶,¹⁷ Patients with vertebral metastases in many instances suﬀer from severe pain and
diﬃculty in walking and at times are bedridden. Until
the development of PMMA, replacement of bone
due to malignant neoplastic fractures was diﬃcult at
best. Large irregular boney cavities can be success-
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fully ﬁlled following the removal of cancerous bone.
PMMA provides stability and strength to the aﬄicted
bone almost immediately, permitting the patient to
apply weight to the area and regain normal function
with immediate relief of the pain associated with the
movement of bony parts.⁶,¹⁵,¹⁸
Alloplastic materials for the reconstruction of cranial defects in the past have included stainless steel
and titanium mesh,¹⁸-²⁰ hydroxyapatite,²¹-²³ alumina
ceramic,²⁴ and silicone.²⁵ PMMA is commonly used
because of its excellent tissue compatibility, the
ease with which it is manipulated at surgery, and
its strength, radiolucency, availability, low thermal
and electrical conductance, and weight. PMMA is
available for use as a moldable product alone, as a
moldable product reinforced with metal mesh, and as
a preformed molded implant for large defects.²⁶
Small defects (5–15 cm²) are corrected to protect
the brain and to reestablish the normal contour of the
skull by eliminating ﬂat or depressed areas. The defects
are small enough that the remaining skull in the defect
area is suﬃcient to provide adequate protection.²⁷ The
implant is made at the time of surgery and applied
directly to the surgical site. The resin is prepared in
a sterile stainless steel bowl or glass jar according
to manufacturer’s instruction. Following the initial
mixing of PMMA, there are three stages of polymerization: doughing, handling, and setting. The dough
stage is complete when PMMA loses its sheen after
approximately 5 minutes. During the handling stage,
the material is kneaded in a plastic sleeve and shaped.
The dough-like material is applied to the defect, and
the excess material is removed. The prosthesis must be
held securely in position without movement until the
resin is set. With a large and thick prosthesis, it may
be necessary to cool the mass during the exothermic
phase with sterile water or saline.²⁶
Moderately sized defects (16–49 cm²) are treated
with PMMA reinforced with titanium metal mesh.
A groove is created in the bone around the border of
the calvarial opening. A pattern is made of the defect
with sterile paper. The titanium mesh is made several
millimeters larger than the pattern so that it can be
domed to the proper shape. Several drill holes are
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made around the calvarial margin, and the mesh can
be secured using strands of the mesh or nylon sutures.
Before the titanium mesh is ﬁnally secured in position, a layer of saline-soaked Gelfoam™ is applied
beneath the expected placement of the mesh. After
the acrylic is thoroughly mixed, a layer of PMMA is
rapidly applied across the mesh so that it penetrates
the mesh and the calvarial groove. The mass must
be cooled during the exothermic phase with sterile
saline irrigation.²⁰
Traditionally, large defects (>50 cm²) were restored
with the use of a preformed PMMA prosthesis made
from a direct impression of the defect.²⁸ After the head
is shaved, an impression of the defect is made, and a
positive cast is poured in dental stone. In addition to
the working cast, careful digital palpation and mapping of the area are necessary to locate the internal
and external defect margins. The PMMA prosthesis is
created indirectly out of wax using the positive cast of
the patient’s skull. The waxed prosthesis is invested in
dental stone within a large metal ﬂask and heat cured.
The heat-curing process increases the strength of the
prosthesis, reduces porosity, eliminates the problem of
heat generation during polymerization, and reduces
the residual monomer.²⁷ Holes are drilled in the preformed acrylic plate for in-growth of connective tissue.
After the acrylic plate is sterilized with ethylene-dioxide, it is secured to the surgical area with Vicryl®
sutures.²⁸ Most cranial implants need adjustment or
augmentation at the time of surgery to compensate
for lack of marginal ﬁt and improper contours. Cranial
implants made from external impression techniques
often have ﬂatter contours than the skull.²⁷
Prefabricated cranial implants can now be fabricated with the combination of computed tomographic scans (CT) and the generation of a threedimensional model of the cranial defect with CAD/
CAM design reformation.²⁷ A written scan protocol
is provided to the CT scan test site by the cranial cast
manufacturer (Techmedia, Camarillo, California).²⁷
The protocol provides the speciﬁc settings required
for the CT examination. The model is manufactured
from standard image data produced by a GE CT 9800
scanner (General Electric, Milwaukee, Wisconsin).²⁷
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The number of slices needed to record the defect is
determined by the technician. Increasing the number
of CT scans improves the model accuracy. CT scans
made 3 mm apart are adequate for bone edges perpendicular to the slice. However, scans made of bone
edges parallel to the slice need to be closer to ensure
accuracy of the model. A slice separation of 1 mm
provides adequate accuracy for bone edges parallel
to the CT scan beam. The completed scan can be
reformatted and viewed as a solid body or in parts as
deﬁned by the technician using the image reformation
functions available on the CT device.²⁶,²⁷
The data are archived onto a magnetic tape and sent
directly to the cast manufacturer. The information is
translated, and the resulting bone-edge contours are
converted to machine-tool language and are used
to drive a milling machine. Originally, the machine
milled the casts from stacks of polycarbonate slices,
which were indexed and glued together. Now the
technique creates a life-sized cast from a solid plastic resin block.²⁹ The model manufacturer returns the
cast for implant fabrication. The cast can have a solid
or hollow core, depending on the size and location of
the defect.²⁶,²⁷ The implant is fabricated with the same
technique used when the defect is recorded directly
form the patient.

III.B. Ocular Devices

Contact lenses are classiﬁed as either hard or soft according to their modulus of elasticity.³⁰ Although more
durable, hard lenses tend to be less well tolerated by
the wearer and require longer adaptation periods. The
ﬁrst hard or rigid polymeric lenses were those manufactured by Kevin Tuohey in 1948 from PMMA.³⁰
PMMA lenses are lathe cut from rods or buttons of
PMMA obtained by bulk free-radical polymerization
of methyl methacrylate. Although PMMA possesses
the favorable optical properties of light weight, surface
wetability, and durability, the low oxygen permeability
of this material limits the long-term wear of these
lenses.³⁰ To reduce problems associated with corneal
anoxia, PMMA lenses tend to be small in diameter
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and ﬂoat on the precorneal tear ﬁlm, thereby allowing
oxygenation of the cornea via tear ﬁlm exchange during blinking and movement of the lens.³⁰
Cataract extraction and intraocular lens implantation is the most frequent form of ophthalmic surgical procedure, with over 1.6 million operations being
performed every year in the United States alone.³⁰
The surgical method most frequently employed in the
developed world for the treatment of this condition is
extracapsular cataract extraction, which involves the
subsequent insertion of an intraocular lens (IOL) to
compensate for the loss of the natural crystalline lens.
Of increasing popularity is the technique of phacoemulsiﬁcation, in which the hardened nucleus of the
crystalline lens is emulsiﬁed and removed through
a 3.5 mm incision in the eye, as opposed to a 14
mm incision for an extracapsular cataract extraction.
The advantages of this technique lie in the positive
placement of the IOL into the capsular bag and less
surgically induced astigmatism because of the small
wound. This results in more rapid rehabilitation for
the patient.³⁰
PMMA has been the standard IOL material since
the surgical approach was ﬁrst developed by Harold
Ridley in 1949. The IOLs are generally lathe cut from
PMMA rods or buttons. The standard IOL consists
of a central optic, which is supported by haptics, projections from the main body of the lens that provide
support in the eye. The haptics are usually constructed
from PMMA or the base material of the optic, although other polymers may be used. These posterior
chamber lenses may thus be inserted wholly within
the capsular bag or with the optic supported within
the capsular bag remnants and the haptics lodged in
the ciliary sulcus, the anatomical groove between the
iris and the ciliary body.³⁰
IOLs reside within the eye as foreign bodies and
were largely regarded as inert until recently. Indeed,
PMMA was selected as the material of choice because of its low weight and biocompatibility. Although
this material has been used for over 40 years, major
problems still occur as a consequence of its relatively
low surface energy, which may result in both corneal
endothelial damage on insertion and postoperative ad-
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hesion of inﬂammatory cells to the IOL. Uveal contact
with the IOL surface has also been shown to cause
increased and prolonged postoperative intraocular
inﬂammation, which may lead to iris adhesion to the
IOL, uveitis, breakdown of the blood retinal barrier
causing cystoid macular edema, and loss of vision.³¹
Phacoemulsiﬁcation, with its small incision, has
encouraged the development of foldable IOLs for
implantation. The need to insert these devices through
a 3.5 mm incision has also encouraged companies to
investigate other design modalities, including acrylic
and silicone foldable IOLs. Between the two, acrylic
lenses lead to a lower incidence of posterior capsule
opaciﬁcation and a higher rate of stability in the capsular bag.³² In developing these materials, particular
emphasis has been placed on the handling, foldability,
and unfolding characteristics of the lenses, because
they must be easy to insert, unfold slowly, and leave
no crease mark. In this respect, it has been reported
that the acrylic lens unfolds more slowly and in a more
controlled fashion than the silicone lenses; the higher
refractive index of the acrylic material gives rise to
a thinner IOL.³⁰ Recent studies suggest that phosphorylcholine-based acrylate polymers may have application in the development of novel biocompatible
foldable IOLs.³⁰

IV. PROBLEMS WITH PMMA

There are advantages and disadvantages with any material used in medicine. There have been problems
with infections occurring with prostheses cemented
with PMMA, cement leakage, toxicity from leakage
of methyl methacrylate monomer, tissue necrosis
due to high thermal temperatures generated during
polymerization, sensitization from handling PMMA,
loosening of prosthetic implants, and inhalation of
vapors by medical and dental staﬀ. ⁶,³³
The development of a bacterial infection is a major problem that can lead to a total hip replacement
(THR) prosthesis having to be removed, resulting in
loss of function.⁶ Staphylococcus and its variants are
the most commonly occurring infection³⁴,³⁵ (Table
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TABLE 1. Most Prevalent Organisms Causing
THR Infections
Organism

Percent

Staphylococcus aureus

50–60

Staphylococcus epidermidis*

25–30

Bacteria, fungi, and mycobacteria

10–15

* Staphylococcus epidermidis is increasingly more prevalent as
a pathogenic organism for infections about prosthetic joints.35

1). In 1970, Buchholz and Engelbrecht³⁶ introduced
PMMA bone cements loaded with gentamicin, followed in 1977 by Klemm introducing gentamicin
PMMA beads to treat osteomyelitis.³⁶ Since antibiotic-loaded PMMA bone cements were ﬁrst introduced in the 1970s, research in this area has never
ceased. Research has shown that there is initially a
rapid release of low doses of antibiotics from loaded
PMMA bone cements or beads, followed by elution
that progressively decreases over a period of time
ranging from a few weeks to several months.⁶,³⁷-³⁹
Today, antibiotics are delivered to the surgical site
prophylactically in an attempt to decrease the occurrence of THR infections.⁴⁰,⁴¹ An evaluation of 10,950
THRs demonstrated that there was a lower incidence
of THR revision when systemic antibiotic therapy was
used in combination with antibiotic-containing cement.⁴² If a THR infection does develop, a two-stage
protocol is customarily used, with the implantation
of a temporary antibiotic-loaded PMMA hip spacer
(resembling the hip prostheses in shape) following
the removal of the infected prosthesis and adequate
surgical debridement.⁴⁰ Antibiotic impregnated
PMMA bead chains on a surgical wire (resembling a
pearl necklace) are used to treat local musculoskeletal
infections.⁴¹ The advantage of using beads compared
to parenteral therapy is that they deliver a high concentration of antibiotics locally while avoiding high
systemic concentrations. Bone cements containing
penicillins, ﬂuoroquinolones, and aminoglycosides
are being investigated as carrier systems for the local
delivery of antibiotics.³⁷,⁴⁰,⁴³,⁴⁴
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During PMMA polymerization, there is a tremendous release of heat, which can be damaging to
surrounding tissues. Temperatures exceeding 56 °C
can cause protein denaturation and tissue damage.⁵,⁴⁵
Called heat necrosis, this phenomenon has been implicated as the cause of bone damage at the cement
interface and subsequent component loosening. Research to investigate the phenomenon of exothermic
heat generation in medicine has produced mixed
results. In vitro testing produced temperature variations from room temperature to 100 °C, while in vivo
temperatures generated at the cement/bone interface
has been documented at 48 °C maximum.⁵,⁴⁶ These
ﬁndings have left researchers questioning whether
exothermic heat generated from polymerization was
indeed the cause of bone interface necrosis.
Research into bioactive bone cements (BBC)
has been conducted as a result of the concern about
high temperatures during polymerization. BBCs
consisting of PMMA with hydroxyapatite (HA) or
chitosan has shown that exothermic temperatures of
the BBCs were considerably lower those that of pure
PMMA.⁴⁷,⁴⁸ Castaldini⁴⁸ reported that PMMA with
HA was shown to reduce potentially harmful heat
generated during PMMA polymerization.
In dentistry, during the fabrication of acrylic
temporary crowns directly in the mouth, exothermic
heat can be harmful to the dental pulp. Timing is
of the utmost importance in removing the acrylic
temporary crowns from the mouth just as the polymerization process enters the period of exothermic
heat generation. Newer dental materials for making
temporary crowns are available that consist of acrylic
and bisphenol-a-glycidyldimethacrylate (Bis-GMA).
Bis-GMA materials generate less exothermic heat
and set up faster, and it is easier to correct fabrication
errors with these materials, but they are more brittle
than acrylic temporaries made of PMMA, especially
when used for long-span bridges.
Yamamuro et al.¹⁰ developed a BBC consisting of
CaO-SiO₂-P₂O₅-MgO-CaF₂ (AW glass-ceramic)
powder and Bis-GMA. Their research showed that
BBCs exhibited overall better physical properties
than PMMA. BBCs were superior to PMMA in

Volume 15, Number 6, 2005

635

generating less heat when measured in their center
and outer surface and exhibited greater compressive,
bending, and tensile strength and fracture toughness.
Histologically, BBCs actually bonded to bone at 3 and
6 months postsurgery “through a Ca-P rich layer,”
whereas the PMMA cement revealed a ﬁbrous tissue
layer that intervened between the PMMA and bone.
Crystallography conﬁrmed that the Ca-P layer was
an apatite layer measuring 30 µm in thickness, further
proof that PMMA bone cement does not bond to
bone, but is only mechanically interlocked with the
cancellous bone.¹⁰
Although much research has been conducted on
the eﬀect of heat necrosis, not all researchers have
been in agreement that exothermic temperatures
generated during polymerization of PMMA cause
are its cause. Research by Swenson et al.⁴⁹ in 1981
concluded that the heat generated during cementing
of an implant was not the primary cause of junctional
bone necrosis. Reckling and Dillion⁴⁶ concluded from
their research that high temperatures didn’t occur at
the cement/bone interface but did in the interior of
the polymerizing cement. Thick bone cement—i.e.
greater than 10 mm—does have the ability to obtain
the high temperature capable of the protein coagulation seen in bone necrosis. PMMA beads are not
as controversial as PMMA bone cements because
they are fabricated outside the human body. It is
now believed that the early bone damage seen at the
cement/bone interface is due to the local chemical
eﬀect of PMMA monomer as well as the trauma of
the mechanical preparation of host bone.⁵,⁴⁹
Surgeons have become sensitized and have developed contact dermatitis from repeated use of PMMA,
even while wearing surgical gloves. Dental laboratory
technicians are more prone to developing contact dermatitis because of hand mixing PMMA in its dough
stage during the fabrication of acrylic dentures. The
monomer component of PMMA can have toxic local and systemic eﬀects. These eﬀects are due to the
release of monomer during the ﬁrst 5–10 minutes of
PMMA polymerization. Unfortunately, this period
can not be bypassed, because PMMA bone cement
is best applied during this timeframe.
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Systemically, varied amounts of liquid monomer is
released within the ﬁrst 15 minutes of the polymerization process and is absorbed by the blood. A direct
relationship between vasodilatation and subsequent
hypotension during cementing has been made.⁵⁰
How much free monomer must be absorbed in the
blood before hypotension can develop has not been
determined. Other systemic eﬀects include respiratory inhibition and pulmonary, hepatic, and renal
cellular damage. These ﬁndings have resulted in animal studies after large doses have been administered
but have not been conﬁrmed in patients after bone
cement has been used as in total hip replacement.⁵¹
Systemic monomer is eliminated during the respiratory exchange process.⁵²
After curing has been completed, there is as much
as 10% of the residual unreacted methylmethacrylate
monomer left in the mass.⁶ Upon completion of the polymerization process, only minimal amounts of monomer is released during the life of the prosthesis. Any
residual “unpolymerized monomer” is trapped within
the cured cement and does not wash out over time.
Chronic systemic toxicity has not been an issue.⁶,⁵⁰
The local chemical eﬀect of PMMA and the
trauma of preparing the surgical site have now taken
precedent as the cause of bone damage at the cement/
bone interface.⁵¹,⁵³ Because of its low solubility, only
a small amount of methyl methacrylate monomer is
systemically absorbed. The vast majority of monomer
resides at the interface and disseminates into the local tissues. Research has proposed that PMMA is
extremely cytotoxic as a result of the local eﬀect of
unpolymerized monomer. The combination of the
mechanical trauma of site preparation, the placement of the implant, and the local chemical eﬀect of
PMMA result in a zone of necrosis at the cement/
bone interface.⁶,⁴⁶,⁵⁴ The documented outcome is bone
resorption followed by bone remodeling. A foreign
body response similarly seen in other tissues is created
by methylmethacrylate. Animal studies have shown
a dense ﬁbrous tissue formation encapsulating the
cemented implants. Fıbroblasts, multinucleated giant cells, and macrophages have all been reported as
the diﬀerent types of cells present. The response of
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these cells has been implicated as the possible cause
of junctional tissue damage, lyses, and component
loosening.⁵⁵,⁵⁶
The principal risk of vertebroplasty procedures is
leakage of PMMA into paravertebral soft tissues,
the spinal canal or neural foramina to the adjacent
discs or the veins.⁵⁷ PMMA cement leakage occurs
34–64% of the time and is considered not clinically
signiﬁcant.¹⁵,²⁴,²⁶,²⁷ If leakage is detected during
ﬂuoroscopy, injection of PMMA should be stopped
because mechanical consequences with adjacent vertebrae can develop. Reported complications include
increased pain, radiculopathies, pulmonary embolism
from PMMA, and infection. These complications relate to cement leakage leading to radiculopathy and
spinal cord injury and potential complications of
subsequent surgical decompression.
In contrast, kyphoplasty complications are reported
by the surgeons to the manufacturer of the devices.
Anaphylactic reactions to PMMA has been documented in the US Food and Drug Administration’s
Manufacturer and User Facility Device Experience
(MAUDE) database, which details medical complications that occur with medical devices used in speciﬁc
procedures. Nussbaum et al.¹⁴ identiﬁed complications
in 52 patients who underwent either kyphoplasty or
vertebroplasty between 1997 and March 2003. Four
deaths were reported to MAUDE as reactions to
PMMA: one for kyphoplasty, three for transpedicular
vertebroplasty, and one for lateral vertebroplasty.
Inadequate ventilation can be detrimental to neurosurgeons, orthopedic surgeons, and dental personnel
who are occupationally exposed on a daily basis to
methylmethacrylate (MMA), the liquid component
of PMMA. It has been reported that exposure of
medical staﬀ to MMA vapors as high as 100 ppm
has occurred.⁵⁸ Experimental and clinical studies have
proven that MMA can cause irritation to skin, eyes,
and mucous membranes, allergic dermatitis, stomatitis, asthma, paresthesias in the ﬁngers, neuropathy,
disturbances of the central nervous system, liver
toxicity, and changes in the blood parameters.⁵⁹-⁶⁴
Inhalation studies have been conducted as a result of
widespread exposure to MMA.
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The chronic exposure of MMA has been examined by various routes of exposure in rodents, and
MMA was found not to be carcinogenic.⁶² Most
medical and dental personnel aren’t aware that
MMA vapors are a toxic organic vapor that will
be inhaled even if face masks are worn. Wesley
and Brinsko⁶⁵ strongly recommend that a ﬁltering
system be used to lower the levels of MMA that
can be inhaled.

V. CONCLUSION

PMMA is used extensively within the medical and
dental profession for a wide variety of procedures.

Without the development of PMMA, modern
medicine and dentistry would have diﬃculty in
providing the quality of dental care it does today.
PMMA is a relatively inexpensive material, it can be
used indirectly or directly during clinical or surgical
procedures, it is easy to use, and its properties have
gradually been improved with additives. The use of
PMMA has been a key factor in the advent of joint
replacement as a surgical option, decreasing pain and
increasing mobility for patients suﬀering from osteoporosis or vertebral metastases, or the placement of
IOLs to correct vision deﬁciencies due to cataracts.
There have been documented side eﬀects that have
resulted from the use of PMMA, but its use has far
outweighed its negative characteristics.

REFERENCES
1. Skinner EW, editor. Denture base materials: chemistry of synthetic resins. In: The science of dental
materials. 3rd ed. Philadelphia (PA): W.B. Saunders,
1946. p. 64–5.
2. Price CA. A history of dental polymers. Aust
Prosthodont J. 1994;8:47–54.
3. Rueggeberg FA. From vulcanite to vinyl, a history
of resins in restorative dentistry. J Prosthet Dent.
2002;87:364-79.
4. Peyton FA. History of resins in dentistry. Dent Clin
North Am. 1975;19:211–22.
5. DiMaio FR. The science of bone cement: a historical
review. Orthopedics. 2002;25:1399–407.
6. Kraft J. Polymethylmethacrylate—a review. J Foot
Surg. 1977;16:66-8.
7. Rawls HR. Dental polymers. In: Anusavice K, editor. Phillips’ science of dental materials. 11t ed. St.
Louis, (MO): Saunders; 2003. p. 143–69.
8. Jasper LE, Deramond H, Mathis JM, Belkoﬀ SM.
The eﬀect of monomer-to-powder ratio on the material properties of cranioplastic. Bone. 1999;25(2,
Suppl 1):27S–9S.
9. Haas S, Brauer G, Dickson G. A characterization of
polymethylmethacrylate bone cement. J Bone Joint
Surg Am. 1975;57:380–91.
10. Yamamuro T, Nakamura T, Iida H, Kawanabe K,

Volume 15, Number 6, 2005

11.

12.

13.

14.

15.

16.

17.

Matsuda Y, Ido K, Tamura J, Senaha Y. Development of bioactive bone cement and its clinical applications. Biomaterials. 1998;19:1479–82.
Kovac S, Pisot V, Trebse R, Rotter A. Fıfty-oneyear survival of a Judet polymethylmethacrylate hip
prosthesis. J Arthroplasty. 2004;19:664–7.
Krause WR, Krug W, Miller J. Strength of the
cement/bone interface. Clin Orthop. 1982;163:
290–9.
Weber SC, Chapman MW. Adhesives in orthopaedic surgery. A review of the literature and in vitro
bonding strengths of bone-bonding agents. Clin
Orthop. 1984;191:249–61.
Nussbaum DA, Gailloud P, Murphy K. The chemistry of acrylic bone cements and implications for
clinical use in image-guided therapy. J Vasc Interv
Radiol. 2004;15(2 Pt 1):121–6.
Garﬁn SR, Reilley MA. Minimally invasive treatment of osteoporotic vertebral body compression
fractures. Spine J. 2002;2:76–80.
Liu JK, Apfelbaum RI, Chiles BW 3rd, Schmidt
MH. Cervical spinal metastasis: anterior reconstruction and stabilization techniques after tumor
resection. Neurosurg Focus. 2003;15:E2.
Kluba T, Giehl JP. Distractible vertebral body replacement in patients with malignant vertebral destruction or osteoporotic burst fractures. Int Orthop.
2004;28:106–9.

638

18. Datti R, Cavagnaro G, Camici S. Stainless steel wire
mesh cranioplasty: ten years’ experience with 183
patients (100 followed up). Acta Neurochir (Wien)
.1985;78:133–5.
19. Forni C, Pagni CA. An improved method for stainless steel wire mesh cranioplasty. Neurochirurgia
(Stuttg). 1985;28:174–7.
20. Malis LI. Titanium mesh and acrylic cranioplasty.
Neurosurgery. 1989;25:351–5.
21. Zide MF, Kent JN, Machado L. Hydroxylapatite
cranioplasty directly over dura. J Oral Maxillofac
Surg. 1987;45:481–6.
22. Waite PD, Morawetz RB, Zeiger HE, Pincock JL.
Reconstruction of cranial defects with porous hydroxylapatite blocks. Neurosurgery. 1989;25:214–7.
23. Yamashima T. Cranioplasty with hydroxylapatite
ceramic plates that can easily be trimmed during surgery. A preliminary report. Acta Neurochir
(Wien). 1989;96:149–53.
24. Kobayashi S, Hara H, Okudera H, Takemae T,
Sugita K. Usefulness of ceramic implants in neurosurgery. Neurosurgery. 1987;21:751–5.
25. Chicarilli ZN, Ariyan S. Cranioplasty with a silicone prosthesis and split rib grafts. Head Neck Surg.
1986;8:355–62.
26. Lara WC, Schweitzer J, Lewis RP, Odum BC,
Edlich RF, Gampper TJ. Technical considerations
in the use of polymethylmethacrylate in cranioplasty.
J Long Term Eﬀ Med Implants. 1998;8:43–53.
27. van Putten MC Jr, Yamada S. Alloplastic cranial
implants made from computed tomographic scangenerated casts. J Prosthet Dent. 1992;68:103–8.
28. van Gool AV. Preformed polymethylmethacrylate
cranioplasties: report of 45 cases. J Maxillofac Surg.
1985;13:2–8.
29. Hieu LC, Bohez E, Vander Sloten J, Oris P, Phien
HN, Vatcharaporn E, Binh PH, An PV. Design and
manufacturing of cranioplasty implants by 3-axis cnc
milling. Technol Health Care. 2002;10:413–23.
30. Lloyd AW, Faragher RG, Denyer SP. Ocular
biomaterials and implants. Biomaterials. 2001;22:
769–85.
31. Obstbaum SA. The Binkhorst Medal Lecture. Biologic relationship between poly(methyl methacrylate) intraocular lenses and uveal tissue. J Cataract
Refract Surg. 1992;18:219–31.
32. Takeshita T, Yamada K, Tanihara H. Single-action

R. Q. FRAZER

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

implantation of a 3-piece acrylic intraocular lens
with an injector. J Cataract Refract Surg. 2003;29:
246–9.
Francois K, Taeymans Y, Poﬀyn B, Van Nooten G.
Successful management of a large pulmonary cement embolus after percutaneous vertebroplasty: a
case report. Spine. 2003;28:E424–5.
Abubaker AO, Benson KJ. Management considerations in the joint replacement patient. In: Banks
KA, Lamphier J, editors. Oral and maxillofacial surgery secrets. Philadelphia (PA): Hanley and Belfus;
2001. p. 164.
Kaltsas DS. Infection after total hip arthroplasty.
Ann R Coll Surg Engl. 2004;86:267–71.
Walenkamp GH, Kleijn LL, de Leeuw M. Osteomyelitis treated with gentamicin-PMMA beads:
100 patients followed for 1–12 years. Acta Orthop
Scand. 1998;69:518–22.
Seyral P, Zannier A, Argenson JN, Raoult D. The
release in vitro of vancomycin and tobramycin from
acrylic bone cement. J Antimicrob Chemother.
1994;33:337–9.
van de Belt H, Neut D, Schenk W, van Horn JR, van
der Mei HC, Busscher HJ. Infection of orthopedic
implants and the use of antibiotic-loaded bone
cements. A review. Acta Orthop Scand. 2001;72:
557–71.
Bentley KC, Head TW, Aiello GA. Antibiotic
prophylaxis in orthognathic surgery: a 1-day versus
5-day regimen. J Oral Maxillofac Surg. 1999;57:
226–30.
Minelli B, E., Benini A, Magnan B, Bartolozzi
P. Release of gentamicin and vancomycin from
temporary human hip spacers in two-stage revision
of infected arthroplasty. J Antimicrob Chemother.
2004;53:329–34.
Henry SL, Galloway KP. Local antibacterial therapy
for the management of orthopaedic infections.
Pharmacokinetic considerations. Clin Pharmacokinet. 1995;29:36–45.
Espehaug B, Engesaeter LB, Vollset SE, Havelin
LI, Langeland N. Antibiotic prophylaxis in total hip
arthroplasty. Review of 10,905 primary cemented
total hip replacements reported to the Norwegian
arthroplasty register, 1987 to 1995. J Bone Joint Surg
Br. 1997;79:590–5.
Kanellakopoulou K, Giamarellos Bourboulis EJ.

Journal of Long-Term Effects of Medical Implants

639

PMMA

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Carrier systems for the local delivery of antibiotics
in bone infections. Drugs. 2000;59:1223–32.
Wininger DA, Fass RJ. Antibiotic-impregnated
cement and beads for orthopedic infections. Antimicrob Agents Chemother. 1996;40:2675–9.
Branemark P, Zarb G, Albrektsson T. Tissue integrated prosthesis. Chicago: Quintessence; 1985.
Reckling FW, Dillon WL. The bone-cement interface temperature during total joint replacement. J
Bone Joint Surg Am. 1977;59:80–2.
Kim SB, Kim YJ, Yoon TL, Park SA, Cho IH,
Kim EJ, Kim IA, Shin JW. The characteristics of
a hydroxyapatite-chitosan-PMMA bone cement.
Biomaterials. 2004;25:5715–23.
Castaldini A, Cavallini A. Setting properties of
bone cement with added synthetic hydroxyapatite.
Biomaterials. 1985;6:55–60.
Swenson LW Jr, Schurman DJ, Piziali R. Fınite element temperature analysis of a total hip replacement
and measurement of PMMA curing temperatures.
J Biomed Mater Res. 1981;15:83–96.
Svartling N, Pfaﬄi P, Tarkkanen L. Blood levels and
half-life of methylmethacrylate after tourniquet release during knee arthroplasty. Arch Orthop Trauma
Surg. 1986;105:36–9.
Feith R. Side-eﬀects of acrylic cement implanted
into bone. A histological, (micro)angiographic,
ﬂuorescence-microscopic and autoradiographic
study in the rabbit femur. Acta Orthop Scand Suppl.
1975;161:3–136.
Schoenfeld CM, Conard GJ, Lautenschlager EP.
Monomer release from methacrylate bone cements
during simulated in vivo polymerization. J Biomed
Mater Res. 1979;13(1):135–47.
Linder L. Reaction of bone to the acute chemical
trauma of bone cement. J Bone Joint Surg Am.
1977;59:82–7.
Willert HG, Ludwig J, Semlitsch M. Reaction of
bone to methacrylate after hip arthroplasty: a longterm gross, light microscopic, and scanning electron
microscopic study. J Bone Joint Surg Am. 1974;56:
1368–82.
Levack B, Revell PA, Freeman MA. Presence of

Volume 15, Number 6, 2005

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

macrophages at the bone-cement interface of stable
hip arthroplasty components. Acta Orthop Scand.
1987;58:384–7.
van Mullem PJ, Vaandrager JM, Nicolai JP, de Wijn
JR. Implantation of porous acrylic cement in soft
tissues: an animal and human biopsy histological
study. Biomaterials. 1990;11:299–304.
Deramond H, Wright NT, Belkoﬀ SM. Temperature
elevation caused by bone cement polymerization
during vertebroplasty. Bone. 1999;25(2 Suppl 1):
17S–21S.
Darre E, Jorgensen LG, Vedel P, Jensen JS. Breathing zone concentrations of ethylmethacrylate monomer during joint replacement operations. Pharmacol
Toxicol. 1992;71(3 Pt 1):198–200.
Chan PC, Eustis SL, Huﬀ JE, Haseman JK, Ragan
H. Two-year inhalation carcinogenesis studies of
methyl methacrylate in rats and mice: inﬂammation
and degeneration of nasal epithelium. Toxicology.
1988;52:237–52.
Donaghy M, Rushworth G, Jacobs JM. Generalized peripheral neuropathy in a dental technician
exposed to methyl methacrylate monomer. Neurology. 1991;41:1112–6.
Hochman N, Zalkind M. Hypersensitivity to methyl
methacrylate: mode of treatment. J Prosthet Dent.
1997;77:93–6.
Lomax LG, Krivanek ND, Frame SR. Chronic inhalation toxicity and oncogenicity of methyl methacrylate in rats and hamsters. Food Chem Toxicol.
1997;35:393–407.
Lonnroth EC, Shahnavaz H. Use of polymer materials in dental clinics, case study. Swed Dent J.
1997;21:149–59.
Mizunuma K, Kawai T, Yasugi T, Horiguchi S,
Takeda S, Miyashita K, Taniuchi T, Moon C-S,
Ikeda M. Biological monitoring and possible health
eﬀects in workers occupationally exposed to methyl
methacrylate. Int Arch Occup Environ Health.
1993;65:227–32.
Wesley RE, Brinsko JD. Toxicity of methyl methacrylate monomer in orbital and cranial surgery. Ann
cranial surgery. Ann Ophthalmol. 1992;24:307–9.

