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Abstract


With the emergence of an aging population, there is the concern about how medical problems can be handled for the elderly. One of these concerns is how their joints or problems with arthritis will be handled as they age. This research paper aims to delve into the many different synthetic materials that are used in hip replacement surgeries. This information was gathered through research of the topic of synthetic materials that are used in hip replacements. The main problem with using synthetics as a replacement in a hip surgery is that scientists have not yet found a material that is strong enough to last for longer than ten years in the human body without it rejecting it. The implications of having a lasting synthetic material for use in operations such as hip replacements is one that the older as well as the aging generation would greatly appreciate.
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Introduction


This paper will investigate the past and current medical practices that are used in hip replacement surgeries. These practices include the use of various materials—polyurethane, polyethylene, metal, and ceramic.


Hip replacement is a growing medical issue. As people are living longer, and baby boomers are hitting middle age, medical experts are continuing to resort to the tried and true ways to deal with hip replacement surgery. There are not many new technologies that are available to people as they are aging when it comes to a hip replacement. The best option is to be as informed as possible so that they are able to make decisions about their future that will benefit them.


This research paper will explore the history of hip arthroplasty. It will also explore the different options that are available to people who are having hip replacement surgeries now. It is meant to be informative as well as to offer some insight into how we can prepare to handle the medical challenges that we will face in the future. If we can find a way to face the issues that we are dealing with today, we will be better prepared to solve the problems that we will be facing in the future.

Literature Review


Hip arthroplasty, or as it is more commonly known as hip replacement, is a surgery in which one's hip is replaced with a prosthetic implant. This surgery is done for people that have arthritis pain or joints that have been damaged. The surgery can be performed to replace a whole hip or just one half of it. If the whole hip joint is replaced, it is known as total hip replacement. Dr. John Charnley is responsible for what is known as the modern artificial joint design. Although the material that originally completed the artificial hip may have changed, his basic design is one that is still used today (“Hip Replacement”, 2010).


In the book written by John Nicholson, “Synthetic Materials in Medicine”, he explores the meaning of the word biomaterial. His definition is that a biomaterial is a synthetic material that is placed in the body with the intention of staying inside the body for an extended period of time. He states that the field of biomaterials science encompasses all classes of material, such as ceramics, glass, polymers, and metals. Biocompatability is “the ability of a material to perform with appropriate host response in a specific application.” His qualm with hip replacement surgery is that there must be an easily accessible way to perform maintenance on the biomaterials that have been placed within the body, and at the time of publication, there was not. He, however, justifies the use of synthetic materials within the body as a direct result of an aging population. As people are living longer, their joints are suffering more. Nicholson states, “Hip replacement is the most widely performed of the total joint arthroplasties, and an estimated 287,000 are performed each year throughout the world.”


Further research was conducted in the journal article “Compliant Layer Acetabular Cups”. Their goal was to create a new acetabular cup for the hip joint that would produce less friction and in essence be more like a real hip joint. The acetabular cup is the concave surface on the pelvis where the hip bone rests. They used medical grade polyurethane to create the mold in which they tested the friction using different types of lubrication. The fluids that they chose to test the prosthetic hip with were fliuds that closely resemble those that the human body makes for use with a real hip. Their results indicated that a flared form cup that can avoid a creep-induced pinching is the best option for a hip replacement. They also concluded that in their study, Corethane, which is a type of polyurethane, was the number one choice of biomaterial to make the acetabular cup from because of how well it performed in the friction tests.


Another journal article studied the effects of a non-spherical joint. They were interested in what happens when the rounded part of the pelvis, or the prosthetic acetabular cup insert, gets worn and begins to deteriorate until it is no longer round but more like an ellipsoid. Instead of using materials like polyurethane in their study, they chose to look at the metal-on-metal hip replacement joint. What they found was that if a hip joint was non-spherical, the radial clearance would be modified, and that would subsequently affect the amount of lubrication supplied to the joint. This in turn would cause pain and possibly even breakage or fractures to happen to the hip joint (Wang and Jin, 2007).


Laura Milne, a writer for “The Express”, completed an article in 2004 about the many emerging technologies that they have been able to use to save or just better people's lives. One of the technologies that she writes about is hip replacement surgeries. In her article, she references a new type of synthetic hip that uses ceramic on the femural prosthetic instead of using the regular metal. This creates a much smoother surface for the acetabular cup to rest on than metal. It is her belief that this will be the technology that will be available in five years.


There was also an article published in “The Toronto Star” in 1990 that referenced hip replacement surgery. This article informed people about a form of mineral, known as hydroxyapatite, which they were using at the time to help patients that needed to grow new bones. This worked for the hip replacement patients because they would coat the metal that was on the prosthetic hip and the body would not reject it; in fact, it actually caused the body to make a bone around the metal joint. Not only was this mineral helping people that had received a hip replacement, it was also able to help people whose bones were deteriorating due to disease and other factors. They realized that the synthetic of hydroxyapatite would be welcomed by the body because it closely resembled the original mineral that occurs naturally in the body.

Research


The hip replacement synthetics were created for Dr. Charnley in the 60s from a polymer known as ultra high molecular weight polyethylene, or UHMWPE. This polymer was used because of its strength, low moisture absorption, ability to withstand friction, self lubrication, and its ability to resist abrasion (uhwmpe.org, 2010). It is mainly used in industry settings, but it retains a place in the medical field as a synthetic as well. UHMWPE is derived from the compounds of hydrogen and carbon. It differs from them though, because of its weight and the length of the chains that it forms. UHMWPE is a homopolymer, which means that the individual parts of the monomer are the same. Because it is a high weight polymer, it is able to have up to 400,000 carbon atoms in its molecular chain (uhmwpe.org, 2010). See table 1 for a comparison of UHMWPE to high density polyethylene (HDPE). In comparison, the UHMWPE is stronger than HDPE. When Dr. Charnley first started using UHMWPE, it was more closely related to HDPE.

	Property
	HDPE
	UHMWPE

	Molecular Weight (106 g/mole)
	0.05–0.25
	3.5–7.5

	Melting Temperature (°C)
	130–137
	132–138

	Poisson’s Ratio
	0.40
	0.46

	Specific Gravity
	0.952–0.965
	0.925–0.945

	Tensile Modulus of Elasticity* (GPa)
	0.4–4.0
	0.5–0.8

	Tensile Yield Strength* (MPa)
	26–33
	21–28

	Tensile Ultimate Strength* (MPa)
	22–31
	39–48

	Tensile Ultimate Elongation* (%)
	10–1200
	350–525

	Impact Strength, Izod* (J/m of notch; 3.175 mm thick specimen)
	21–214
	>1070 (No Break)

	Degree of Crystallinity (%)
	60–80
	39–75


Table 1: A comparison of UHMWPE to HDPE. Table taken from uhmwpe.org.

In the original hip replacement surgeries, there was the problem of patients complaining of pain within two to three years after having the initial surgery. What Dr. Charnley found when he investigated this was that the metal joints had worn on the bone and had caused an inflammation around the prosthetic. This left him with difficult decisions about what to do about hip replacement options, because many people were willing to have the surgery done every few years just to be rid of their joint pain.


The hip replacements are still not long lasting, although they last significantly longer than they did when Dr. Charnley first started using them. Presently, they are expected to last around ten years. There is research which suggests that even though they may last longer, every day that a person uses their hips, there are particles that are released from the UHMWPE. This continual usage causes inflammatory bone loss in the hip area. Doctors and researchers have developed computer imaging programs that will measure the amount of wear on the area today. Many healthcare professionals are not pleased with the wear rate of the current UHMWPE, and they have recognized the need for alternative biomaterials for hip replacement surgeries.


Currently, more medical specialists are using hip replacements that are metal with a layer of UHWMPE and then another layer of metal on top of the first layer of metal. They are less likely to wear out as fast as traditional UHMWPE. There is also the option of a metal-on-metal hip replacement joint. The metal-on-metal joint will not cause inflammation because of particles that happen to flake off of them.  Although metal-on-metal is a viable option, scientists are still concerned about whether or not the ions from the metal will have a harmful effect on the body.


Another option that has entered the market is the ceramic hip replacement joint. Even though ceramic is brittle, it has other properties that make it worth considering. One of those is the fact that it is extremely hard. This hardness is what makes ceramic a good choice. There is less friction with ceramic parts, and there is also less absorption of fluids. Not only does the patient have the option to have a ceramic hip replacement with UHMWPE, they can also choose a ceramic-on-ceramic hip replacement (uhmwpe.org, 2010).


The highly crosslinked UHMWPE is one in which many patients have had used in their hip replacements since the late 90s. Highly crosslinked UHMWPE is one in which the UHMWPE has been irradiated so that its molecular structure will change. This crosslinked material is significantly smoother than traditional UHMWPE, and as such, it has been proven to last significantly longer than the traditional UHMWPE.  Although the highly crosslinked UHMWPE lasts longer, some benefits of the regular UHMWPE were compromised (uhmwpe.org, 2010).

Conclusion


We have discussed the materials that have been used as synthetics in the hip replacement surgeries, which are polyethylene, polyurethane, ceramics, and metals. However, more research is needed on developing new options for people who need a hip replacement. UHMWPE seems like an antiquated choice in comparison to the other options that are available now. There is potential in the highly crosslinked UHMWPE, but that begs the question of whether or not there are potential side effects that are still not known while it is in the body.


Arthroplasty has made significant gains in the past twenty years, which is very beneficial to a large percent of the aging population. Because people are living longer now than ever before, they need to have options that will provide them with a way to live a quality life and perform their daily activities. Dr. Charnley was extremely beneficial to the hip replacement development. There have been many people whose lives have improved because of his contribution in the use of UHMWPE. As people age and their bodies decline, it is good to know there are options to ease  pain and suffering. Although hip replacement surgery mainly benefits the elderly, it also helps people who have been injured in accidents and car crashes as well as people that have a weaker bone structure. Even though there are some disadvantages to having a hip replaced such as the wear that it has on your pelvic bones, the benefits from having the surgery greatly outweigh the risks.

Future Work


There are many other options that we have yet to discover relating to hip replacements. One of these is learning which materials can last the longest in the body without resulting in an adverse reaction. Another option is taking the knowledge that we have gained through technology and using it to our benefit.


With the technologies that we have now, we should be able to build things like hips. In the future, there needs to be more emphasis placed on stem cell research. This research would not only benefit people who are affected with ailments like arthritis or bad hips, but it would benefit the people who need organs such as new hearts and eyes. This is an option that the future holds for us. If it is used in the correct context, it would be a valuable asset to the medical community. It not only would open the field up to new options, but it would help us be able to better heal those who are suffering. It may help us develop cures for diseases like cancer and diabetes. Stem cell research should be continued, even though it is controversial. If safeguards are implemented and if it is regulated, it would be less likely to be seen in a bad light by some. Perhaps within the next twenty years, it will not be necessary to replace our hips with metal or UHMWPE. Maybe by then we will be able to replace them with actual hips that have been grown from stem cells.
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