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| Biomaterials have had a major impact on the practice of contemporary
medicine and patient care. Growingfnto a major interdisciplinary effort
involving chemists, biologists, engineers, and physicians, biomaterials

|| development has enabled the creation of high-quality devices, implants,

| and drug carriers with greater biocompatibility and biofunctionality. The

fast-paced research and increasing interest in finding new and improved
biocompatible or biodegradable polymers have provided a wealth of new
information, transforming this edition of Polymeric Biomaterials into a
2-volume set.

This volume, Polymeric Biomaterials: Structure and Function, contains
25 authoritative chapters written by experts from around the world.
Contributors cover the following topics:

* The structure and properties of synthetic polymers including
polyesters, polyphosphazenes, and elastomers

The structure and properties of natural polymers such as
mucoadhesives, chitin, lignin, and carbohydrate derivatives
Blends and composites—for example, metal-polymer composites
and biodegradable polymeric/ceramic composites

Bioresorbable hybrid membranes, drug delivery systems,

cell bioassay systems, electrospinning for regenerative medicine,
and more

Completely revised and expanded, this state-of-the-art reference
presents recent developments in polymeric biomaterials: from their
chemical, physical, and structural properties to polymer synthesis and
processing techniques and current applications in the medical and

| pharmaceutical fields.
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25.1 ARTIFICIAL JOINT REPLACEMENT

25.1.1  Hip JoINT REPLACEMENT AND TS CLINICAL PERFORMANCE

A normal joint in our body is made up of bones that are lined by surface cartilage. The joint is sur-
rounded by a capsule with a thin lining of synovial cells that produce a thin layer of lubrication film.
The lubrication film (synovial fluid) together with the surface cartilage (articular cartilage) acts as a
shock absorber and allows the joint to move smoothly; this protective action endures for many years
(such as 50-60 years). If the surface cartilage is badly damaged or if the joint surfaces are mis-
aligned (e.g., hip dysplasia), then the cartilage will wear out much quicker than in normal wear and
tear, and as a result, the bone under the cartilage layer becomes exposed. The exposed bone starts to
rub against the other and the process of osteoarthritis (wear and tear) is established. Osteoarthritis
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is, therefore, the result of mechanical wear and tear on a joint. Its main feature is a loss of surface
cartilage with bone rubbing on bone and this may include joint pain, tenderness, stiffness, creaking,
and locking of joints. This process produces pain and local inflammation. In osteoarthritis, a variety
of potential forces—hereditary, developmental, metabolic, and the mechanical—may initiate pro-
cesses leading to loss of cartilage. As the body struggles to contain ongoing damage, immune and
regrowth processes can accelerate damage. Sometimes the body tries to relieve this pain by increas-
ing the amount of fluid in the joint. This is why joints are swollen. The formation of bone spurs and
cysts around the joint is another hallmark of osteoarthritis.

The most common type of arthritis leading to total hip replacement is degenerative arthritis
(e.g., osteoarthritis) of the hip joint. This type of arthritis is generally seen with aging, trauma, or
congenital abnormality (dysplasia) of the hip joint. Other conditions leading to total hip replace-
ment include bone fractures, rheumatoid arthritis, and bone death (aseptic necrosis) of the femoral
head. Bone necrosis can be caused by fracture of the hip, alcohol and drugs (such as prednisone
and prednisolone), diseases (such as systemic lupus erythematosus), and conditions (such as kidney
transplantation).

Total hip arthroplasty (THA) or hemi-arthroplasty is a surgical procedure whereby the diseased
cartilage and the bone of the hip joint are surgically replaced with an artificial joint to restore joint
movement (Figure 25.1). In general, total hip joint replacement consists of three (cement fixation) or
four (cementless fixation) parts as follows:

A plastic cup and metal shell that replaces the hip socket (acetabulum)

e A metal or ceramic ball that replaces the fractured femoral head

e A femoral metal stem that is attached to the shaft of the bone to add stability to the
prosthesis

If a hemi-arthroplasty is performed, either the femoral head or the hip socket (acetabulum) will be
replaced with a prosthetic device.

Upon inserting the prosthesis into the central core of the femur, it is fixed with a bone cement of
poly(methyl methacrylate). Alternatively, a “cementless” prosthesis is used, which has microscopic

Pelvis

Plastic (polyeth
Acetabulum

metal shell

Total hip joint replacement

Femur

FIGURE 25.1  Schematic model of total hip joint replacement and typical product.
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pores that allow bone ingrowth from the normal femur into the prosthesis stem. This “cementless”
hip is considered to have a longer duration and will be chosen especially for younger patients.

THA is one of the most successful joint surgeries performed today. The operation relieves pain
and stiffness symptoms, and most patients (over 80%) need no help in walking. In well-selected
patients who are appropriate candidates for total hip replacements, the effects of the procedure
last for at least 10 years in nearly 95% of patients [1,2]. However, with time, many problems have
been observed due to the limited long-term fixation of the replacement. Hence, improvements with
new devices and techniques are necessary. The future will provide newer devices that will fur-
ther improve patient outcomes and lessen the potential for complications. Moreover, with improved
devices and techniques, the operation could be recommended for younger individuals.

25.1.2  KNEE JOINT RePLACEMENT AND ITs CLINICAL PERFORMANCE

The most common type of arthritis leading to knee replacement is also degenerative arthritis
(i.e., osteoarthritis) of the knee joint. For patients with mild arthritis, which is confined to one of the
condyles of the knee, the surgeon might decide to perform unicondylar knee arthroplasty (UKA).
If the arthritis is more serious and both the condyles of the knee are diseased, the surgeon may
perform a bicondylar total knee arthroplasty (TKA) (Figure 25.2). Finally, in the case of extreme
circumstances, such as a revision operation or in the event of tumor resection, semi-constrained
hinged knee design with metal or ceramic materials might be employed.

TKA includes a prosthesis consisting of three or four parts as follows:

1. A metal or ceramic femoral component

2. A plastic insert or all-plastic tibial component
3. A metal or ceramic tibial tray

4. A plastic patellar component

The plastic ultra high molecular weight polyethylene (UHMWPE) insert or all-plastic tibial com-
ponent plays a primary role: articulating either against a metallic or ceramic femoral component; in
several cases in patellar resurfacing, the UHMWPE may articulate against cartilage.

TKA continues to be a remarkably successful operation for pain relief. Cementless fixation of the
artificial knee joint is much less common than cement fixation. Today, TKA yields beneficial and
predictable results with a survival rate of over 90% at 10 years after surgery [3].

On the other hand, the number of primary TKA has continuously increased. Although the fre-
quency of revision surgery has not changed, the failure mechanism that necessitates revision TKA
appears to be increasingly related to UHMWPE wear and tear along with osteolysis. Rand et al.

Femoral ceramic or

Fe metal component

Polyethylene insert

Tibial metal "

component

Total knee joint replacement

FIGURE 25.2 Schematic model of total knee joint replacement and typical product.
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reported that implant loosening was the major mode of failure [4]. Aseptic loosening was the lead-
ing reason for revision arthroplasty, followed by osteolysis and polyethylene wear. However, the
true wear and tear rate of polyethylene in TKA is not exactly known for a number of reasons as
follows: no radiographic methods for measuring it have been established, the complex geometry of
knee implants makes this task far more difficult than in THA, and the activity levels of the patient
are largely unreported. In clinical outcome studies, the wear and tear of the tibial UHMWPE insert
should be correlated with not only the period of clinical use but also the condition and type of use.
The orthopedic community has also recognized that oxidative degradation can adversely affect
the wear properties of UHMWPE. Oxidative degradation occurs due to prolonged shelf life and
clinical use. An oxidatively degraded UHMWPE insert generally shows bad results with failure by
wear and tear or osteolysis.

Wear and tear in TKA is far more dependent on alignment and ligament balancing techniques
than wear and tear in THA is. The understanding of alterations in knee kinematics in TKA has
markedly improved, but the surgical technique for TK A remains largely unchanged. Improvements
in surgical technique with experience and teaching should reduce the frequency of component posi-
tioning that tends to accelerate wear and tear.

25.1.3  INCReASE IN Hip JOINT ARTHROPLASTY PROCEDURES

THA 1s widely recognized as a successful and effective treatment for degenerative hip joint dis-
ease. Worldwide, the number and rate of artificial hip joints used for primary and revised THA are
substantially increasing every year. For example, the rate of primary THA per 100,000 persons
increased by 46%, and the rates of revision THA increased by 60%, respectively, during 1990-2002
in the United States [1]. The number of primary THA increased from 119,000 in 1990 to 193,000 in
2002. Taking into account the population changes according to the United States Census Bureau,
the overall rate of primary THA is 15 procedures per 100,000 persons per decade. On the other
hand, in Japan, the number of primary THA and hemi-arthroplasties increased from 15,040 and
27,916 in 1994 to 35,793 and 49,315 in 2006, by 138% and 77%, respectively (Figure 25.3) {5].
Hip joint arthroplasties have important implications for health costs in Japan. For example, if the
85,108 hip joint arthroplasties performed in 2006 were to increase by 1%, the potential increase in
cost could be 581 million (=$5.81 million) based on recent procedural cost estimates of 0.7 million
(~$0.007 million) for each hip joint arthroplasty.

A general trend pointing to an increase in both the number and the rate of revision arthroplasties
has also been observed. The number of revision THA increased from approximately 24,000 in 1990
to 43,000 in 2002 in the United States {1]. Further, the mean revision burden for THA was noted to
be 17.5% (15.2%-20.5%). Taking into account the population changes according to the U.S. Census
Bureau, the overall rate of revision THA was 3.7 procedures per 100,000 persons per decade.

Hemi-arthroplasty

Procedures (x109

1992 1997 2002 2007
Year

FIGURE 25.3 Procedures of primary THA and hemi-arthroplasty in Japan. *Forecast value.




