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INTRODUCTION
An attorney approaches you with a 
case to review. Her client had a hip 
replacement. However, instead of 
less discomfort and increased range 
of motion, he now has unrelenting, 
debilitating pain. What is your focus for 
records review?

Joint replacements should alleviate pain 
and give patients long-term mobility 
and freedom. However, this only works 
when the device remains attached to the 

bone. Cement that does not adhere cor-
rectly not only causes pain but has even 
led to cardiac arrests and other serious, 
even deadly complications. Legal nurse 
consultants should be familiar with 
bone cement.

SCOPE
The 2008 National Health Interview 
Survey reports 110 million US adults 
(approximately half ) described having 
a musculoskeletal condition(Har-
rison,and Zuckerman, 2009). Joint 

replacements are prevalent elective 
surgeries in the U.S. (aaos.org, 2018). 
Steiner et al. reported that over 1 mil-
lion knee and hip replacements and 
100,000 partial hip replacement pro-
cedures take place annually in the U.S. 
(Steiner al., 2012)

According to Maradit et al., the 2010 
U.S. estimated prevalence of total hip 
replacement was 0.83%, and total knee 
replacement was 1.52%, higher in wom-
en and increased with age. In people 
over the age of 80, incidence of total hip 

Surgeons use bone cement, polymethylmethacrylate (PMMA), during joint replacements, injecting it 
into the space between the prosthesis and bone. However, it is becoming clear there are many side 
effects associated with certain types of bone cement. A patient might have pain and swelling around 
the replaced joint, perhaps due to cement failure and debonding. Though pain does not necessarily 
imply the components used in the surgery are failing, it indicates that the legal nurse consultant (LNC) 
should look into the bone cement used in the operation.
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replacement reached 5.26% and total 
knee replacement 10.38%, or 2.5 million 
people (Maradit, Larson, Crowson 
et al., 2015).

By 2012, the general prevalence of a 
total joint replacement was comparable 
to stroke (6.8 million) and myocardial 
infarction (7.6 million) and much high-
er than heart failure (5.1 million) (Go, 
Mozzaffarian, Roger, et al., 2013). Joint 
replacements are among the most dis-
abling and costly conditions experienced 
in the U.S., contributing to an estimated 
$849 billion in direct and indirect costs 
per year in 2008 (AAOS, 2008).

Given the aging population and the 
promise of total joint replacement 
improving function and quality in the 
lives of individuals with severe arthritis, 
these trends will likely. Even without 
increased incidence, aging are estimated 
to cause about 114 million total hip 
replacements and 7.4 million total knee 
replacements by 2030 (Maradit, Larson, 
Crowson et al., 2015).

The orthopedic surgeon replaces the 
existing joint surfaces with a prosthe-
sis; its components must adhere to the 
patient’s natural bone. 

This adhesion depends on the prosthe-
sis used:

• A cemented joint prosthesis uses 
fast-drying bone cement to help it 
stick to the bone.

• A cementless joint prosthesis, some-
times called a press-fit prosthesis, is 
specially textured to allow the bone 
to grow into it and adhere (arthri-
tis-health.com, n.d.)

Bone cement has been the gold standard 
in arthroplasty (Vaishaya, Chauhan, 
Vaish, 2013). Bone cement litigation 
includes individual, mass tort, and mul-
tidistrict litigation cases. Examples: 

• In 2010, Synthes pled guilty to 
conducting illegal bone cement safety 
tests and agreed to pay $23.3 million 
in fines, forfeiture, and a civil settle-
ment (LexisNexis, 2010).

• However, in 2016,  the University 
of Washington and a spine surgeon 
were found not liable for the death 
of a 67-year old grandmother during 
surgery using Johnson and Johnson 
cement, rejecting her family’s claims 
of negligence (LexisNexis Law 
360, 2016).

There have also been multiple recalls that 
led to repeat and unnecessary surgeries. 
However, orthopedic surgeons continue 
to use bone cement in arthroplasty.

BONE CEMENT
Polymethylmethacrylate (PMMA) is 
commonly called “cement.” However, 
this is a misleading term because cement 
often describes a substance that bonds 
two things together. However, PMMA 
acts as a space-filler that creates a 
tight seal holding the implant against 
the bone, sealing the interface like 
grout between tiles. It has no adhesive 
properties itself. It depends on close 
mechanical interlock between the irreg-
ular bone surface and prosthesis.

PMMA is an acrylic polymer prepared 
for use by mixing two sterile compo-
nents: a liquid MMA monomer and a 

powdered MMA-styrene copolymer. 
When these two components combine, 
the liquid monomer polymerizes around 
the pre-polymerized powder particles 
and hardens.

The curing process has four stages: 

1) mixing, 
2) sticky/waiting 
3) working 
4) hardening 

Mixing is done by hand, centrifugation, 
or vacuum technologies. Vacuum mix-
ing can decrease setting time (Vaishaya, 
Chauhan, Vaish, 2013).

OR PERSONNEL SAFETY
Vacuum mixing systems reduce 
cement porosity and consequential 
potential for air emboli, and mini-
mize monomer evaporation into the 
room with exposure to personnel 
(Vaishaya, Chauhan, Vaish, 2013).8 
Personnel wearing contact lenses 
should not mix bone cement because 
of possible exposure to monomer 
vapor. The safety of bone cement in 
pregnant women (staff or patient) 
and children is unknown. In freshly 
implanted cement, electrocautery has 
also ignited monomer fumes (US 
FDA, 2002).

Kakazu et al. note the OR team may 
affect:

• Eyes, nose, and throat: Vapor at 
125 ppm can lead to teary eyes, sore 
throat, coughing, and nasal mucosal 
irritation.

• Skin: Direct contact with liquid can 
cause skin itching, burning, redness, 
swelling, and cracking. Repeated 
exposure causes dermatitis or rash. 
An allergic reaction can occur. 
Prolonged contact leads to tingling, 
numbness, and whitening of the fin-
gers. Methylmethacrylate (MMA) 
quickly penetrates most ordinary 
clothing and can also penetrate 
surgical gloves.

PMMA has no adhesive properties; it 
is a space-filler that creates a tight seal 
holding the implant against the bone, 
like grout between tiles. 

-
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• Nervous system: Overexposure 
affects the brain like drinking alcohol. 
Symptoms may include headache, 
drowsiness, nausea, weakness, 
fatigue, irritability, dizziness, and 
loss of appetite and may also cause 
sleeplessness (Kakazu, Lippman, 
Karnwal, 2016). 

The Association of periOperative Regis-
tered Nurses 2017 guidelines suggest 
that if methylmethacrylate liquid spills 
the area should be isolated, all sources 
of ignition removed, liquid covered with 
activated charcoal absorbent, personnel 
wear appropriate protective equipment, 
cleanup according to manufacturer’s 
instructions, waste disposed of in 
hazardous waste container, and the spill 
area ventilated until the odor dissipates 
(AORN, 2017).

PATIENT RISKS
In suits, patients have reported that 
manufacturers may have downplayed 
cement risks.

Those risks include:

• premature failure requiring revi-
sion surgery

• serious soft tissue irritation and 
inflammation

• migration of cement residue into the 
bloodstream and lungs

The plaintiff may have compensation for 
resulting medical expenses, lost wages, 
pain and suffering, and other costs.

FAILURE
Bone cement failure may be difficult 
to notice given the patient’s joint pain 
before their replacement during the 
perianesthesia period and through-
out rehabilitation. Patients should be 
instructed to report symptoms or signs 
of a new problem, such as:

• unusual swelling at the site of joint 
replacement

• persistent pain that does not subside 
following physical therapy 

• a decrease in range of motion or 
weakness in the area of the surgery 

• lack of balance not explained by 
other causes

DAMAGES
If courts and juries decide bone cement 
manufacturers are liable for introducing 
potentially defective medical products 
into the market or for asserting that 
there are no known associated risks, 
damage awards can include compensa-
tion for revision surgeries, rehabilitation 
costs, replacement of lost wages, and 
payments for pain and suffering.

LITIGATION
Bone cement manufacturers owe a 
duty to patients to make products that 
are safe and effective when used cor-
rectly and to communicate all known 
risks associated with those products 
so patients can give informed consent 
before joint replacements. In medical 
device lawsuits, liability hinges on 
product defects or evidence that known 
product risk was not disclosed to the 
plaintiff. This is because the surgeon 

must have complete information 
to decide whether to use cemented 
prostheses, cementless prostheses, or a 
combination of the two, and discuss the 
decision with the patient. The compo-
nents used may depend on the patient’s 
physiology, the surgery, and the sur-
geon’s preference (arthritis-health, n.d.).

One suit made multiple claims that a 
manufacturer failed on both of those 
obligations. That plaintiff underwent 
a total knee replacement and then 
experienced severe pain after the 
surgery. Tests revealed that the bone 
cement used to secure her prosthet-
ic knee joint had deteriorated. That 
deterioration required the patient to 
undergo revision surgery to correct 
the failure. She asserted that had she 
known about the risks and potentially 
dangerous nature of the bone cement 
used in the first surgery, she would 
not have consented to have the initial 
joint replacement (US District Court, 
2018).14

Some of the world’s largest medical 
device manufacturers prepare surgical 
bone cement, which may vary in ele-
ments and viscosity. Patients are usually 
uninformed about which manufacturer 
made their bone cement or what type of 
cement their surgeon used.

Products and manufacturers in recent 
litigation:

• Cobalt HV Bone Cement (Biomet/
DJO Surgical)

• CMW 1 Bone Cement (DePuy)

• Simplex HV Bone Cement (Stryker/
Howmedica)

• SmartSet HV Bone Cement (DePuy)

FOOD AND DRUG 
ADMINISTRATION
One serious concern in the cement 
lawsuits is that each product must 
obtain approval by the Food and Drug 
Administration (FDA) before using it 
in joint replacement procedures. Man-

Figure 1. Bilateral hip replacements.

Figure 2. Cemented total knee 
prosthesis (right knee)
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ufacturers, by law, must ensure that 
their devices are not only reasonably 
safe but also carry out several tests 
on them to ensure long-term func-
tionality. However, the FDA allows 
bone cement products to be approved 
subject to an abbreviated process, reg-
ulation 510(k). This allows approval 
when a manufacturer represents that 
a new product mainly equals another 
that received prior FDA approval, so 
the new product can be fast-tracked 
into the market. This is true even if 
the previous products have allegedly 
been problematic.

The FDA maintains procedures for 
overseeing the processes medical 
device manufacturers must follow once 
their product receives approval, such 
as keeping records describing fail-
ures of medical products. They must 
also remove faulty products from the 
market. Plaintiffs have alleged that man-
ufacturers did not comply with these 
and other requirements under FDA 
regulations. The FDA has recalled some 
cement and devices. 

BONE CEMENT 
IMPLANTATION 
SYNDROME (BCIS)
Some lawsuits allege that cement may 
cause rare but potentially life-threaten-
ing complications: 

• The cement could fragment and 
cause prosthetics to loosen from 
the bone. 

• Cement failure could allow bone 
marrow, fat, or cement particle 

emboli causing complications such as 
pulmonary inflammation or blocked 
pulmonary vessels, or, in the presence 
of a known or unsuspected right-
to-left intracardiac shunt, stroke or 
other arterial embolic phenomena. 

Patients are suing bone cement manu-
facturers for failing to notify the public 
of these health risks.

BCIS is poorly understood and has 
no fixed definition (AORN, 2017). 
Initial theories on effects focused on 
vasodilation caused by the release of 
MMA into the circulation. More recent 
research has suggested micro-emboli-
zation of fat, forced out of marrow into 
the bloodstream. Additional mech-
anisms, including histamine release, 
complement activation, and endogenous 
cannabinoid-mediated vasodilation, 
have also been proposed. Its clinical 
features include: 

• hypoxia

• hypotension 

• unexpected loss of consciousness,

• increased peripheral and pulmonary 
vascular resistance

• cardiac arrhythmias and arrest 

There are many patient-related risk 
factors including: 

• the elderly 

• pre-existing physical reserve 

• impaired cardiopulmonary function 

• pre-existing pulmonary hypertension 

• osteoporosis 

• bone metastasis 

• concomitant fractures (particularly 
pathological or intertrochanteric 
fractures)

Patients undergoing their first joint 
replacement may be at higher risk of 
developing BCIS than those undergo-
ing revision surgery because: 1) there 
is more potentially embolic material 
in an uninstrumented femur, and 2) 
once the canal has been instrumented 
and cemented, the inner surface of the 
femur becomes smooth and sclerotic 
offering a less porous surface (Maggs 
and Wilson, 2017).

BCIS is most commonly linked with, 
but not limited to, hip arthroplasty. It 
generally occurs at one of five stages: 
femoral reaming, acetabular or femoral 
cement implantation, insertion of the 
prosthesis, or joint reduction. These can 
involve increased or abnormal vascular 
channels through which marrow con-
tents can migrate into the circulation.

Research studies performed on ani-
mals demonstrated fat and marrow 
in the pulmonary microvasculature in 
cemented and uncemented arthroplasty. 
However, dogs having the cemented 
procedure had more than a tenfold 
increase in the number of emboli 
(Khanna and Cernovsky, 2012).

While there is no reliable evidence 
concerning the effects of anesthetic 
technique on BCIS, the general princi-
ples of management include: 

• preoperative identification of high-
risk patients 

• optimization of their cardiovascular 
reserve before surgery 

• intraoperative maintenance of nor-
movolemia 

• high inspired oxygen (FIO2) concen-
trations

BCIS can be reversible and time-lim-
ited, so aggressive resuscitation and 
supportive treatment are essential to 
reduce morbidity and mortality (Don-
aldson, Thompson, Harper et al., 2009). 

The FDA maintains procedures that 
manufacturers must follow after a medical 
product receives approval, such as keeping 
records describing product failures.

-
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legalnewsroom/litigation/b/litigation-blog/
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3m-for-illegal-bone-cement-study

SYNTHES LAWSUIT
Synthes allegedly ignored safety 
recommendations and FDA orders by 
marketing and distributing Norian bone 
cement. Synthes (now a Johnson & 
Johnson subsidiary) purchased Norian 
in the 1990s. Norian made a calci-
um-phosphate cement product, Norian 
XR, which, when implanted, would 
fill in cracks and gradually transform 
into bone.

The FDA reportedly told Norian these 
cement products would need to be test-
ed in clinical studies before approval for 
spinal surgeries, but Synthes employees 
promoted the benefits of the product to 
spine surgeons. Because Norian cement 
was not FDA approved for this use, 
marketing the product for this purpose 
was off-label and illegal.

Despite no approval and no thorough 
safety testing, some surgeons injected 
the Norian cement into patients’ spines. 
There are reports of at least five patients 
who died during surgery. Synthes pled 
guilty in 2010 to conducting illegal bone 
cement safety tests and agreed to pay 
$23.3 million in fines, forfeiture, and a 
civil settlement. A year later, four Syn-
thes executives pled guilty to charges 
that the company ran unauthorized 
clinical trials and engaged in off-label 
marketing. All four executives were sen-
tenced to prison and fined $100,000.

SUMMARY
Legal nurse consultants asked to review 
cases of arthroplasty failure should 
familiarize themselves with aspects of 
bone cement use and misuse. Given the 
many factors involved in these cases, 
deferring file review to an experienced 
orthopedic surgery nurse swould likely 
be advisable.
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