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AbSTRACT
Total hip arthroplasty is being increasingly indicated for 
younger and more active patients, in addition to a naturally 
growing demand for the procedure because of increasing life 
expectancy among patients. The high costs of this surgery 
and the controversies regarding implant performance have 
made this topic the subject of constant research, seeking new 

INTRODUCTION

Total hip arthroplasty continues to be one of the 
most successful orthopedic procedures. Neverthe-
less, the field of hip surgery faces the constant chal-
lenge of continual increases in patient volume and 
costs, along with controversy regarding the reliabi-
lity and performance of implant surfaces(1,2). This 
procedure is being increasingly indicated for younger 
and more active patients. The results from hip ar-
throplasty have been shown to be excellent in older 
patients. However, in younger patients (< 40 years), 
the five-year failure rates are between 21 and 28%(3-7). 
Because of increasing life expectancy among the 
population, it is expected that arthroplastic surgery 
will become even more common over the coming 
decades. According to a recent survey by the Brazi-
lian Institute for Geography and Statistics (IBGE), 
the population aged 65 years and over will increase 
by at least 3.7-fold by 2050(8).

In the form known today, total hip arthroplasty 
began in the 1960s, when Charnley suggested using 
a femoral nail with a stainless steel head jointed to 
a high-density polyethylene acetabular implant, with 

both of them fixed to the bones using polymethylme-
thacrylate cement. However, many problems remain 
unresolved, even today. An ideal mechanical model 
is sought, with better materials, resistance to wear 
and biocompatibility(1,9). Despite continual research 
on better implant materials, the classical combina-
tion of metal jointed to ultra-high molecular weight 
polyethylene continues to be the one that is most 
widely used(1).

New materials, including new alloys used in metal-
to-metal surfaces, ceramic materials and new types of 
polyethylene, have been developed and refined over 
the years. The present study reviews the surfaces used 
in cases of total hip arthroplasty.
Polyethylene

The metal-to-polyethylene surface is still the one 
most used in total hip arthroplasty(1,9). Its advanta-
ge is that it is inexpensive; it is technically easier to 
implant; it allows immediate load-bearing; surgeons 
have wide experience with this method; and present-
-day acetabula made of cross-linked polyethylene will 
bring better future results than seen with older types 
of polyethylene. Its disadvantages are that the cement 
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materials with better resistance to wear and better biocompa-
tibility. The present article provides a review of new surfaces 
in total hip arthroplasty.
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ages and then disintegrates, which may give rise to 
the well-known “cement disease”. This surface shows 
greater wear than is seen with newer surfaces, and the 
particles thus produced may, in addition to “polyethy-
lene disease”, also cause osteolysis(1). Berry et al(10) 
showed survivals rate of 92% after a 10-year follow-
-up and 77.5% after a 25-year follow-up, among pa-
tients with conventional Charnley prostheses. Schulte 
et al(11), Keener et al(12), Callaghan et al(13) and Bu-
ckwalter et al(14) presented rates of good results from 
using the Charnley prosthesis ranging from 69% to 
90%, after 20 to 30 years of follow-up. Wroblewski 
et al(15) reported on an even longer follow-up period 
(30 to 40 years) of Charnley prosthesis use, with 90% 
presenting good results.

Ultra-high molecular weight polyethylene is for-
med by means of polymerization of ethylene and is 
especially good for orthopedic implants, give that it is 
biocompatible, provides a low-friction surface and is 
notably resistant to wear(9). Charnley started to use it 
in 1962 after having rejected Teflon as a material for 
acetabular implants on the grounds that it presented 
very low resistance and a high rate of wear(1).

Polyethylene wear is the biggest obstacle to pros-
thesis longevity. Young and active patients, and espe-
cially male patients under the age of 55 years, are the 
ones who present greater risk of accelerated wear(1). 
Cross-linked polyethylene is obtained by means of a 
process of irradiating polyethylene with gamma rays. 
The irradiation of the material produces “cross-bon-
ding” in the molecular structure of the material. The 
polyethylene is then subjected to heating up to a few 
degrees below the melting point, for a precise period 
of time, in order to remove the free radicals.

Cross-linking of polyethylene combined with 
thermal treatment has emerged recently as a technology 
for improving the resistance of polyethylene against 
wear and oxidation of ultra-high molecular weight 
polyethylene (UHMWPE) acetabular components. 
Cross-linking is certainly not a new technology, 
because most conventional bearing surfaces made of 
UHMWPE have always been sterilized using gamma 
irradiation. The typical scale of radiation dose for 
gamma sterilization is 25-40 kGy, which leads to 
sterilization of the product and some degree of cross-
linking. Consequently, the majority of acetabula made 
of UHMWPE that have been used over the last four 
decades have always had some degree of cross-

linking. However, the level of cross-linking achieved 
through gamma sterilization alone is much lower than 
what is being done using more up-to-date irradiation 
methods followed by a thermal treatment stage. The 
changes to the mechanical properties of thermally 
treated polyethylene occur primarily through changes 
to its density and crystallinity(9).

Although polyethylene failure may occur because 
of external fracturing or wear, the most common 
type of polyethylene failure is internal wear at the 
metal-plastic interface. This wear occurs more fre-
quently in the superolateral portion of the compo-
nent, and the determining factors are the coefficient 
of friction, lubrication, load applied, diameter of the 
head, number of cycles and hardness of the mate-
rials(1). There are three types of wear: abrasive wear, 
in which the harder surface produces grooves on the 
softer surface; adhesive wear, in which the softer 
material releases fragments that adhere to the har-
der material; and fatigue, in which cyclical loading 
gives rise to fissures, particles or delamination and 
the material goes beyond the elastic regime, thus 
causing plastic rupture(16).

According to Huo et al(2), cross-linked polyethy-
lene has been used for more than a decade, and its 
wear resistance characteristics have been continually 
studied. The presence of osteolysis in young patients 
(< 50 years) with total arthroplasty using polyethylene 
with cross-linking is lower than among those treated 
using polyethylene without cross-linking. Regarding 
the relationship between cross-linked polyethylene 
wear and osteolysis, the penetration rate into the fe-
moral head has not been found to differ between the 
different sizes evaluated (36, 38 and 40 mm). Likewi-
se, Huo et al(2) stated that the rates found for the head 
sizes 28 and 32 mm also did not differ (p = 0.48). 
This is important because larger heads have been used 
to improve the clinical performance of implants and 
reduce the risk of dislocation. These authors reported 
that fracturing of the material due to fatigue was a 
potential limitation of first-generation cross-linked 
polyethylene, but that such materials could be expec-
ted in the future to provide better resistance and lower 
risk of fracturing due to fatigue(2).

metal
The biggest advantage of using metal-to-metal 

surfaces in total hip arthroplasty is the reduction in 
wear. A conventional polyethylene acetabulum has 
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an average wear rate of 0.1 mm to 0.2 mm per year. 
Metal-to-metal joints have wear rates that may be 
40 to 100 times lower(17,18). Likewise, the volumetric 
wear rate of metal-to-metal joints is approximately 
200 times lower than that of metal-to-polyethylene 
joints(17,18), but the mean values found in the litera-
ture vary. General averages for linear wear can be 
seen in Figure 1 for different combinations of joint 
surfaces, and Figure 2 shows some examples of di-
fferent joint surfaces.

The disadvantages of metal-to-metal joints include 
their high cost, patient hypersensitivity to metal, 
lack of long-term clinical trials and release of metal 
ions (cobalt, chromium and titanium), which have 
been detected both in blood and in urine, and both 
in new and in old designs(19,20). Abnormal levels of 
these ions have also been observed in relation to 
metal-to-polyethylene joints, but these variations 
are much lower. Huo et al(2) reported that the most 
controversial point regarding the biological response 
of new surfaces was in relation to metal-to-metal 
surfaces. They reported that increasing numbers of 
studies involving metal-to-metal joints had presented 
potential adverse effects and they discussed whether 
these effects could be involved both in cases of 
total hip arthroplasty with large-diameter metal-
to-metal surfaces and in cases of resurfacing. The 
commonest problem has been the biological response 
of macrophages and lymphocytes, which may be 
related to poor implant positioning, thereby resulting 
in increased wear and consequent release of metal 
ions(2). Harkess and Crockarell(1) reported that flexing 

Figure 1 – Mean rates of in vivo linear wear per year for the head-
-acetabulum configurations found in orthopedic practice. Me = metal; 
PE = polyethylene; Ce = ceramic; XPE = cross-linked polyethylene.

Figure 2 – Joint surfaces: (A) metal-to-polyethylene; (B) metal-to-metal; (C) ceramic-to-polyethylene; (D) ceramic-to-ceramic.
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or scratching the implant could break its protective 
surface covering and corrosion could accelerate the 
process of failure due to fatigue. The results from 
corrosion can be seen as formation of rubble or stains 
on the implant surface.

However, there is still no definitive information 
about the prevalence of these adverse effects relating 
to metal-to-metal surfaces in cases of total hip arthro-
plasty(2). Clinically, the most important adverse effect 
manifested is pain. Glyn-Jones et al(21) conducted a 
study on 1,224 patients who underwent resurfacing ar-
throplasty. Of these, 1.8% underwent revision, main-
ly to treat pseudotumors. These authors observed that 
there was a higher chance of developing pseudotu-
mors among female patients (p < 0.001), patients aged 
under 40 years (p = 0.003), cases with smaller-sized 
components (p = 0.003) and cases of hip dysplasia
(p = 0.019). The eight-year revision rates were 0.5% 
for men, 6% for women aged over 40 years and 
13.1% for younger women. However, Huo et al(2) ci-
ted different statistics, and reported a revision rate of 
around 3.2%. The commonest cause of revision was 
fractures of the femoral neck (1.6%) and not adverse 
tissue reactions or pain of unexplainable origin, with 
a pseudotumor prevalence rate ranging from 0.09% 
to 0.15% in cases of resurfacing arthroplasty.

Huo et al(2) reported that histological abnormali-
ties were associated with failure of metal-to-metal 
joints in resurfacing cases. Lymphocyte infiltrates 
may be present in the bone in up to one third of the 
samples: this is more frequent in women and may be 
the cause of pain. These abnormalities cause hyper-
sensitivity and may lead to loss of fixation at the 
bone-cement interface.

Differing from the other authors cited above, 
Kwon et al(22) evaluated tissues involved in revision 
surgery on metal-to-metal arthroplasty, with and wi-
thout pseudotumor abnormalities, and did not find 
any significant differences in lymphocyte activity 
or traces of metal. Thus, there is some controversy 
regarding whether formation of these pseudotumors 
is related to hypersensitivity to metal ions.

Garbuz et al(23) conducted a prospective randomi-
zed study comparing resurfacing arthroplasty with 
total hip arthroplasty using large-head metal-to-metal 
joints, and measured the serum cobalt and chromium 
levels in 30 patients. A greater increase in metal ions 
was observed among patients treated with total hip 

arthroplasty than in the group with resurfacing, and 
the levels in both groups were higher than before 
the operation.

Some studies have also shown appreciable levels 
of metal ions in the placenta and blood of pregnant 
women who had previously undergone operations with 
metal-to-metal surfaces(2). Caution is therefore required 
in using metal-to-metal implants in women of fertile 
age, given that the effects of these ions in maternal 
and fetal blood are unknown. In a general manner, 
the significance (if any) of elevated metal ion levels 
remains uncertain. There are even some authors(24) 
who have not observed any increase in specific risk 
to patients. Long-term studies with follow-up duration 
similar to studies on metal-to-polyethylene joints are 
not yet available for metal-to-metal joints. So far, no 
cause-effect relationship has been defined for metal-
to-metal implants, which were first implanted in the 
1960s, or the risk of cancer(7,25).

Ceramic
The history of using ceramic materials for hip ar-

throplasty began in the 1970s. Boutin advanced the use 
of ceramic-to-ceramic joints subsequent to Shikata’s 
proposal to use a ceramic femoral head that would 
form a joint with an acetabulum made of UHMWPE. 
The determining factors for these approaches were 
the high corrosion resistance and biocompatibility of 
ceramic, along with its greater resistance to scratching 
than shown by metal alloys. The resistance to wear 
of the ceramic-to-ceramic configuration is better than 
that of the conventional CoCr/UHMWPE joint. The 
initial applications of ceramic in hip prostheses ex-
clusively used alumina (Al2O3). In the 1980s, zirconia 
(ZrO2) was introduced for use in the femoral compo-
nent of ceramic/UHMWPE prostheses because of its 
higher strength and resistance, compared with alumi-
na. Since ceramic components are stable oxides, they 
are chemically inert and do not undergo the oxidative 
wear processes that can produce surface roughness on 
metal heads. Ceramics do not decompose to produce 
metal ions(1,9).

Ceramics have the advantage that they are extreme-
ly rigid while presenting a surface of low roughness. 
Consequently, ceramic-to-polyethylene implants will 
have a greater tendency to suffer wear, in comparison 
with metal-to-polyethylene joints, especially with re-
gard to their use in young and active patients(26). As 
can be seen in Figure 1, even lower rates are found 
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with ceramic-to-ceramic implants. Consequently, no 
excessive quantities of debris or ions will be observed. 
Therefore, surgeons can choose to use large heads in 
order to reduce the risk of dislocation(2). The disad-
vantages of ceramic acetabula include the fact that the 
domes do not incorporate flanges to diminish the risk 
of dislocation. Moreover, they are fragile and easily 
broken: the first generation gave rise to catastrophic 
breakages. There have been significant improvements 
in manufacturing processes over the last few years, 
with decreased grain size and increased density, along 
with better quality control(9). Nevertheless, today, fe-
moral head fractures are very rare. Heisel et al(27) re-
ported a rate of 0.004%. Lastly, ceramic-to-ceramic 
implants are more expensive(2).

While metal bearing surfaces may become scratched 
in the presence of a third body, thereby increasing the 
wear on the polyethylene surface, ceramic bearing 
surfaces may theoretically remain free from scratches, 
for longer in vivo survival. There is controversy 
regarding the benefits of ceramic components for 
improving the in vivo wear behavior of the polyethylene. 
Studies have suggested that the arthroplasty has longer 
survival when a ceramic-to-ceramic joint rather than a 
ceramic-to-polyethylene joint is used(9).

Huo et al(2) reported that total hip arthroplasty with 
this type of surface has a 10-year survival rate of 96%, 
versus 91% in cases with a metal-to-polyethylene 
surface. However, several other authors have achie-
ved good results in up to 90% of the cases using a 
metal-to-polyethylene surface, with 20 to 30 years of 
follow-up(11). Wroblewski et al(15) reported on an even 
longer follow-up period (30 to 40 years) for Charnley 
prostheses, with good results in 90% of the cases. 
Studies on ceramic surfaces have not yet reached this 
length of follow-up.

Huo et al(2) reported that fractures of the dome 
occurred in 0.2% of the cases and that sound abnor-
malities occur in 0.1% of the cases. The phenomenon 
of squeaking has been reported in association with all 
types of surfaces, but it has become more commonly 
known in the ceramic-to-ceramic association. Diffe-
rent “squeaking rates” have recently been observed 
in association with different nail designs but with 
identical ceramic-to-ceramic surfaces. The acoustic 
characteristics differ greatly between different de-
signs. Moreover, it has also been reported that the 
squeaking differs according to the number of cycles 

tested. Jarrett et al(26) observed that the incidence of 
squeaking in ceramic-to-ceramic associations may be 
much greater than the previously reported rate of < 
1%. The causes and implications of the phenomenon 
still need to be determined better.

Hernigou et al(28) presented Oxinium® as a new 
alternative. Furthermore, a zirconium-niobium alloy 
(Zr2Nb5) was recently introduced for hip arthroplasty. 
This presents the advantage that the metal surface can 
be transformed into a thin layer of zirconium oxide (a 
ceramic material), thus combining the benefits of ce-
ramics and metals in a single component. Laboratory 
studies have demonstrated its theoretical superiority 
due to low wear in relation to polyethylene.

Surfaces for coating
Although tantalum does not form part of joint 

surfaces, it is a material that needs to be taken into 
consideration in this study. It is a metal that presents 
unique properties: it has high porosity (70 to 80%), 
low module of elasticity (3 MPa) and high friction, 
which enables excellent biological fixation and bio-
compatibility. The low module of elasticity allows a 
more physiological means of load transfer and pre-
servation of the bone stock. Because of its bioactive 
nature and bone growth stimulation properties, it is 
used both in primary surgery and in revisions. Long-
-term clinical studies and basic science studies remain 
necessary(29,30). Jafari et al(31) conducted a retrospecti-
ve study on 283 patients who had undergone revision 
of arthroplasty using uncemented tantalum or titanium 
domes. The performance of tantalum was better.

Another technology that has been greatly used for 
coating acetabular and femoral components involves 
hydroxyapatite. This material is the main inorganic 
component of bones and this favors bone growth 
and fixation of uncemented prostheses. Paulsen et 
al(32) presented a medium-term follow-up study on 
4,125 acetabula coated with hydroxyapatite and 7,737 
uncoated acetabula, and 3,158 coated femoral nails 
and 4,749 uncoated nails, from Danish records, and 
concluded that coating the implants was not associa-
ted with reduced risk of revision of arthroplasties, 
in comparison with uncoated implants. Lazarinis et 
al(33) questioned the routine use of acetabular compo-
nents coated with hydroxyapatite in cases of prima-
ry total hip arthroplasty. These authors investigated 
8,043 cases of arthroplasty in the Swedish records and 
showed that some designs even increased the risk of 
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loosening. Gandhi et al(34) performed a meta-analysis 
on the use of hydroxyapatite in femoral components 
in cases of primary arthroplasty, and concluded that 
there was no benefit from using hydroxyapatite on 
the isolated porous coating, in primary arthroplasty. 
Camazzola et al(35) confirmed these findings in a study 
on 61 patients with 13 years of follow-up. Nonethe-
less, long-term studies are still necessary.

FINAL REMARKS

Joint surfaces should be made of materials that have 
high resistance, low wear, resistance to corrosion and 
low friction, as well as being biocompatible. Resear-
chers are continuing to make efforts towards achieving 
these objectives. Studies on these new materials and 
refinements of existing materials are awaited.

Rev Bras Ortop. 2012;47(1):47(2):154-9
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